Structure and petrochemistry of the Reykjadalur central volcano and the surrounding areas, Midwest Iceland by Johannesson, Haukur
Durham E-Theses
Structure and petrochemistry of the Reykjadalur central
volcano and the surrounding areas, Midwest Iceland
Johannesson, Haukur
How to cite:
Johannesson, Haukur (1975) Structure and petrochemistry of the Reykjadalur central volcano and the
surrounding areas, Midwest Iceland, Durham theses, Durham University. Available at Durham E-Theses
Online: http://etheses.dur.ac.uk/8339/
Use policy
The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-proﬁt purposes provided that:
• a full bibliographic reference is made to the original source
• a link is made to the metadata record in Durham E-Theses
• the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.
Please consult the full Durham E-Theses policy for further details.
Academic Support Oﬃce, Durham University, University Oﬃce, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk
2
STRUCTURE AND PETROCHEMISTRY OF THE REYKJADALUR CENTRAL VOLCANO 
AND THE SURROUNDING AREAS, MIDWEST ICEIANT). 
By 
Haukur Johannesson, B,S. ( I c e l a n d ) 
Graduate S o c i e t y , Durham. 
T h e s i s submitted f o r the degree of Doctor of Philosophy at the 
U n i v e r s i t y of Durham. 
^ SOIf«C£ 
4 NOV 1975 
L: 
4 NOV 1975 
, BEOTIOtl , t/BRARV 
T i l S i f j a r 
( i ) 
ABSTMCT 
The main g e o l o g i c a l f e a t u r e of the r e s e a r c h area i s a T e r t i a r y 
f l o o d b a s a l t p i l e , about 2.7 km t h i c k , w i t h i n which are three 
T e r t i a r y c e n t r a l volcanoes. The "basement" c o n s i s t s of f a u l t e d 
and t i l t e d b a s a l t s , probably about 12-13 m.y. old. These b a s a l t s 
were o v e r l a i n by the Hredavatn sedimentary horizon, 7 m.y. ago, 
followed by l a v a s of the H a l l a r r a u l i c e n t r a l volcano which was a c t i v e 
from 6.7 to 6.0 m.y, ago. The time sequence of the volcanism was 
of a c i d i g n i m b r i t e s , then intermediate flows, and f i n a l l y t h i n 
t h o l e i i t e flows. The volcano d i d not evolve the s t r u c t u r a l or 
geothermal c h a r a c t e r i s t i c s u s u a l l y a s s o c i a t e d with c e n t r a l 
volcanoes. 
The R e y k j a d a l u r c e n t r a l volcano became a c t i v e about 5.8 m.y. 
ago and i s s i t u a t e d on a s e r i e s of t h i c k t h o l e i i t e flov.'s which o v e r l i e 
unconformably the H a l l a r r a u l i c e n t r a l volcano. Voluminous a c i d i c and 
some i n t e r m e d i a t e rocks formed f i r s t and were succeeded by t h i n 
t h o l e i i t e flows. A c o l l a p s e c a l d e r a , 10 km i n diameter, then formed 
and was f i l l e d v/ith v o l c a n i c s . A f t e r the formation of the c a l d e r a , 
a b a s i c to a c i d cone sheet swarm, about 20 km i n diameter and c o n c e n t r i c 
to the c a l d e r a , intruded the country rocks. About 4.3-4.4 m.y, ago, 
soon before the volcano became e x t i n c t , a massive'icecap covered the 
volcano and i t s e n v i r o n s ; the Holtavorduheidi sedimentary horizon 
covered the area e a s t and southeast of the volcano at t h i s time. 
The Laugardalur c e n t r a l volcano c o n s i s t s of a c a l d e r a and i t s 
v o l c a n i c f i l l i n g ; i t may be p a r a s i t i c to the Reykjadalur c e n t r a l 
volcano. L a t e r , 3.4 m.y, ago, a c i d tephra was erupted from the 
L i t l a Baula vent and the Baula a c i d i n t r u s i o n was emplacedat t h i s 
time. 
( i i ) 
V o l c a n i c a c t i v i t y was renewed about 2 m.y. ago, represented 
by the S n j o f j o l l s e r i e s and a few more recent v o l c a n i c s . 
The T e r t i a r y b a s a l t s are t h o l e i i t i c . The rocks from the 
c e n t r a l volcanoes show a trimodal volume d i s t r i b u t i o n , with b a s a l t s 
and r h y o l i t e s more abundant than rocks of intermediate compositions. 
Three d i s t i n c t breaks occur i n the chemical p r o p e r t i e s : between 
the o l i v i n e t h o l e i i t e s and the quartz t h o l e i i t e s ; between the quartz 
t h o l e i i t e s and the b a s a l t i c i c e l a n d i t e s ; and w i t h i n the d a c i t e s . 
The b a s a l t s were d e r i v e d from the Upper Mantle, o l i v i n e t h o l e i i t e s 
being produced by a g r e a t e r degree of p a r t i a l melting and/or at 
g r e a t e r depths than the quartz t h o l e i i t e s . On volume and time 
r e l a t i o n s and on geocheraical grounds, the a c i d and intermediate 
v o l c a n i c s a r e considered to be d e r i v e d by two-stage m.elting of the 
I c e l a n d i c lower c r u s t . The a c i d magmas were generated f i r s t , followed 
by i n t e r m e d i a t e magm.as from p a r t i a l l y melting the residuum a t a 
high e r temperature. Although t h i s process i s f u e l l e d by b a s a l t i c 
i n t r u s i o n s w i t h i n the lower c r u s t , the l a t e appearance of b a s a l t s 
in. the centra], volcanoes i s a t t r i b u t e d to the density-depth r e l a t i o n s 
between the c r u s t and the r i s i n g magma. 
( i i i ) 
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CRAPTER 1: 
INTRODUCTION 
Scope of Study 
The area d e s c r i b e d i n t h i s t h e s i s i s loc a t e d i n western 
I c e l a n d , i n the upper p a r t of B e r g a r f j o r d u r and across the mountain 
range i n t o the southern p a r t of the D a l i r area ( F i g . 2.1). The 
area i n v o l v e d i s about 30x30 km but i t has not been mapped 
completely and gaps occur i n the mapping, as can be seen on the 
G e o l o g i c a l Map ( f o l d e d a t the back of the t h e s i s ) . 
The work was o r i g i n a l l y suggested by Dr. K r i s t j a n Saemundsson 
of the N a t i o n a l Energy A u t h o r i t y , Department of Natural Heat, 
I c e l a n d , as p a r t of a much bigger p r o j e c t which has been i n progress 
f o r s e v e r a l y e a r s , i n v o l v i n g the mapping of the e n t i r e western 
f l a n l i of the western v o l c a n i c zone ( c a l l e d the Reykjanes-Langjokull 
zone i n t h i s s t u d y ) , ^ 
The main aim of the study, f o r the N a t i o n a l Energy A u t h o r i t y , 
was to e s t a b l i s h the s t r a t i g r a p h y (and age) and the s t r u c t u r a l -
t e c t o n i c f e a t u r e s of the a r e a . I t was hoped that the study would 
supply some new e x p l a n a t i o n s of the p u z z l i n g B o r g a r n e s - a n t i c l i n e and 
the h i g h l y abnormal geology of the S n a e f e l l s n e s peninsula. I t was 
a l s o hoped that the study would give c l u e s to understanding the 
o r i g i n and perhaps the d i s t r i b u t i o n of the vigorous geothermal 
a c t i v i t y i n the s o u t h - e a s t e r n p a r t of the area(especiaify i n R e y k h o l t s d a l u r ) , 
which i s of great economic value. 
Along with the s t r a t i g r a p h i c a l v/ork a l a r g e number of samples 
were c o l l e c t e d to e s t a b l i s h the geochemical f e a t u r e s of the T e r t i a r y 
r o c k s . I t was important to compare the geochemistry of the older rocks 
of the r e s e a r c h area w i t h the geochemistry of T e r t i a r y rocks from 
othe r a r e a s a l r e a d y studied and wi t h the geochemistry of the more 
4 NOV 1975 
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r e c e n t v o l c a n i c s i n the x-esearch area and the surrounding areas. 
I t was hoped that d e t a i l e d s t r a t i g r a p h i c a l and s t r u c t u r a l s t u d i e s 
of the c e n t r a l volcanoes i n the ar e a , along with chemical a n a l y s e s 
of the inter m e d i a t e and a c i d rocks, would r e v e a l some new evidence 
on the o r i g i n of these rocks. 
P r e v i o u s Work 
The geology of the area was r e l a t i v e l y unknown u n t i l the 
present i n v e s t i g a t i o n . During the l a s t century and at the beginning 
of t h i s century a few Scandinavian and German g e o l o g i s t s t r a v e l l e d 
through the ar e a , without t a k i n g n o t i c e of anything but the prominent 
Mt, Baula and the l i g n i t e beds i n the area west of Hredavatn, 
Thoroddsen (1906) t r a v e l l e d around Borgafjordur and examined 
the l i g n i t e beds, and he mentioned many other g e o l o g i c a l phenomena 
most of which are more r e l a t e d to the Quaternary geology of the area 
than to the T e r t i a r y basement. Thoroddsen (1901) a l s o published the 
f i r s t u s e f u l g e o l o g i c a l map of I c e l a n d . 
Bardarson (1923) s t u d i e d i n d e t a i l the p o s t g l a c i a l d e p o s i t s 
(mainly marine d e p o s i t s ) i n the B o r g a r f j o r d u r area and de s c r i b e d them 
i n h i s c l a s s i c a l paper on s e a - l e v e l changes i n western I c e l a n d . 
The next c o n t r i b u t i o n to the knowledge of the geology of the 
area was made by German and Dutch g e o l o g i s t s i n the 1950's, Schwarzbach 
(1956) d e s c r i b e d the area around the Grabrok l a v a f i e l d and P f l u g (1959) 
s t u d i e d the l i g n i t e s of Hredavatn and Holtavorduheidi, Rutten and 
van Bemmelen (1955) s t u d i e d the geology of the Baula complex, 
T r , - E i n a r s s o n (1957, 1962) was the f i r s t s c i e n t i s t to study 
the T e r t i a r y l a v a p i l e , f o r which was e s t a b l i s h e d the f i r s t palaeomagnetic 
map (1957), but without r e l a t i n g h i s r e s u l t s to the ge o p o l a r i t y time 
s c a l e which was e s t a b l i s h e d l a t e r . 
P i p e r (1971) repeated t h i s palaeomagnetic study and obtained a 
s i m i l a r p a t t e r n , but he r e l a t e d the geomagnetic p a t t e r n to the 
3 
magnetic anomalies of the ocean f l o o r . 
R e c e n t l y Saemundsson and N o l l (1974) have mapped the area around 
the H u s a f e l l c e n t r a l volcano, towards the a c t i v e v o l c a n i c zone. 
S i n c e 1971, K. Saemundsson together w i t h groups of I c e l a n d i c 
undergraduate students have conducted g e o l o g i c a l mapping i n the 
e a s t e r n and s o u t h - e a s t e r n p a r t s of the B o r g a r f j o r d u r area. 
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CHAPTER 2: 
GEOLOGICAL SETTING OF THE RESEARCH AREA 
Iceland i s the biggest landraass a s t r i d e the M i d - A t l a n t i c 
Ridge, c o n s i s t i n g e n t i r e l y of volcanic rocks w i t h a.small p o r t i o n 
of i n t e r c a l a t e d sediments, also of volcanic o r i g i n . The oldest 
rocks, which are exposed i n the extreme east and northwest of the 
i s l a n d , are from 12 t o 16 m,y. o l d (Moorbath e t a l . , 1&68) and they 
d i p towards the a c t i v e volcanic zones. The Recent volcanism i s l i m i t e d 
t o two vol c a n i c zones ( r i f t i n g zones; Fi g . 2.1), The eastern 
v o l c a n i c zone terminates towards the south a t the Vestmannaeyjar 
i s l a n d s and t o the n o r t h i t i s o f f s e t westward by the Tjornes Fracture 
Zone' (Saemundsson, 1974). The western volcanic zone (the Reykjanes-
L a n g j o k u l l zone) i s the c o n t i n u a t i o n of the Reykjanes ridge and fades 
out n o r t h of L a n g j o k u l l , but was formerly continous from L a n g j o k u l l 
g l a c i e r t o the Skagi peninsula, where i t possibly j o i n e d the Kolbeinsey 
r i d g e . The northern p a r t became e x t i n c t about 3-4 ra.y. ago according 
t o Saemundsson (1974), but rocks of considerably younger age (about 
0,7 m,y,) have been reported from the Skagi peninsula (Everts e t a l , , 
1972), A small area of a c t i v e volcanism stretches from VMV t o ESE along 
the Snaefellsnes peninsula, but i t cannot be c l a s s i f i e d as a r i f t i n g 
zone, ' 
The volcanic zones consist of en echelon f a u l t and f i s s u r e 
swarms w i t h a c e n t r a l volcano s i t t i n g i n the centre of each swarm 
(Saemundsson, 1974). The f a u l t swarms are i n c l i n e d at a small angle 
to the t r e n d of the volcanic zone. 
The volcanism i s r e s t r i c t e d t o three p r i n c i p a l types of 
volcanoes:-
1, f i s s u r e s which produce the bulk of the basalts i n Iceland; 
2. lava s h i e l d s which i n t e r c a l a t e w i t h the flows produced 
by the f i s s u r e s : and 
F i g . 2.1 S i m p l i f i e d g e o l o g i c a l map of Iceland showing 
the known c e n t r a l volcanoes and main t e c t o n i c 
f e a t u r e s . V e r t i c a l s t r i p e s : a c t i v e or dormant 
c e n t r a l volcanoes; h o r i z o n t a l s t r i p e s : e x t i n c t 
c e n t r a l volcanoes. The a c t i v e volcanic zones are 
bordered by heavy l i n e s and a n t i c l i n e s and synclines 
are shown by conventional symbols. Areas covered 
by F i g . 2.3 and the Geological Map are i n d i c a t e d . 
Sources : Sigurdsson (1967), Hald e t _ a l . , (1971), 
K. Saeraundsson, pars, comm., Th Einarsson, pers. comm. 
and the author's own observations. 

3. c e n t r a l volcanoes which produce a l l the intermediate 
and a c i d rocks. 
At present about 57 e x t i n c t c e n t r a l volcanoes of T e r t i a r y and 
Quaternary age are kncvn, and 21 others which are e i t h e r a c t i v e or 
presumably dormant along w i t h f o u r on the Reykjanes peninsula which 
have no d i f f e r e n t i a t e s exposed at the surface but are represented 
by high temperature areas. I n a l l , 83 volcanoes occur (Fig. 2.1) 
The s y n c l i n a l s t r u c t u r e of the a c t i v e volcanic zones may be due 
t o l o a d i n g and subsequent sagging of the lava flows, which were 
erupted i n s i d e i t (Walker, 1960). 
The geology of western Iceland i s more complicated than t h i s 
simple model described above. The main anomaly i s the presence of the 
Borgarnes a n t i c l i n e ( F i g . 2.2), which breaks the inward dipping trend 
of the T e r t i a r y lava flows. This a n t i c l i n e stretches from the coast • 
south of Borgarnes v i l l a g e , north-eastwards as f a r as Langavatn and 
V i k r a v a t n where i t disappears beneath the Hredavatn sedimentary horizon. 
The main p a r t of the research area i s on the eastern f l a n k of the 
Borgarnes a n t i c l i n e . The flows on the western f l a n k d i p north-westwards, 
as f a r as the Setberg area (Sigurdsson, 1970a), where the d i p changes 
across the a x i s of the so c a l l e d Snaefellsnes syncline. 
I n the n o r t h e r n p a r t . o f the research area the dips are towards 
the n o r t h e a s t . This d i p changes again i n the extreme n o r t h , near the 
southern coast of Hvammsfjordur, where the rocks d i p towards the south 
and southeast. This change i n the d i p d i r e c t i o n i s caused by an 
unconformity running along the southern coast of Hvammsfjordur, w i t h 
the rocks d i p p i n g south and u n d e r l y i n g the rocks having n o r t h - e a s t e r l y 
d i p s . The d i p and s t r i k e r e l a t i o n s suggest a large block of basalt 
p i l e of s i m i l a r age, extending from Haukadalur i n the east t o 
A l f t a f j o r d u r i n the west. 
There are numerous c e n t r a l volcanoes i n western Iceland (Fig. 2.3). 
Three of them are included in.Athis study; I l a l l a r m u l i , Re^'kjadalur and 
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F i g . 2.3 Centr a l volcanoes i n western Iceland. The h o r i z o n t a l 
l i n e s show the known d i s t r i b u t i o n of intermediate and 
acid rocks. 
Sources : Sigurdsson (1970a), Saemundsson and N o l l (1974), 
Hald e t a l . , (1971) and the author's observations. 
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and Laugardalur, The former two were mapped c a r e f u l l y and part of 
the t h i r d was mapped roughly to e s t a b l i s h i t s connection w i t h the 
r e s t of the ai-ea. Very l i t t l e i s known about the other c e n t r a l 
volcanoes i n western Iceland, except f o r the two Setberg complexes 
(Sigurdsson, 1970a) and the H u s a f e l l volcano (Saemundsson and N o l l , 
1974); mapping of the H a f n a r f j a l l volcano i s i n progress (H. Franzson, 
pers. comm,), 
The c e n t r a l volcanoes have great s t r a t i g r a p h i c a l s i g n i f i c a n c e , 
because they p i n - p o i n t the l o c a t i o n of an a c t i v e volcanic zone at a 
given time. 
The topography of the area i s complex and can be di v i d e d roughly 
i n t o three main groups:-
(1) the high mountain range n o r t h of Nordurardalur and 
T h v e r a r h l i d , which extends westwards along Snaefellsnes; 
(2) the H o l t a v o r d u h e i d i - B o r g a f j a d a r d a l i r peneplain i n the 
eastern p a r t of the area, about 300-400 m.a.s.l,; 
(3) the Myrar-Stafholtstungur peneplain i n the south-western 
p a r t of the area, about 20-100 m,a,s,l. Group 1 coincides w i t h the 
c e n t r a l volcanoes and i t s height must be a t t r i b u t e d t o a high e f f u s i o n 
r a t e a t the time of t h e i r formation. Group 2 roughly corresponds t o the 
areas o v e r l y i n g the Holtavorduheidi sedimentary horizon, which marks 
a major change i n the s e t t i n g of volcanism i n the area. Group 3 
corresponds roughly t o the rocks un d e r l y i n g the Holtavorduheidi 
sedimentary horizon, which i n t u r n seems to coincide w i t h a low e f f u s i o n 
r a t e . 
G. Palmason (pers. coram.) has r e c e n t l y made an accurate g r a v i t y 
map of Iceland and has k i n d l y allowed the author access t o the pa r t 
concerning t h i s research area ( F i g , 2.4), The research area i s on the 
western slopes of the c e n t r a l Iceland g r a v i t y bowl (Tr, Einarsson, 1954), 
and on the slopes are a few peaks which coincide w i t h the c e n t r a l 
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F i g . 2.4 An unpublished g r a v i t y map (preliminaz^y) of western Iceland 
( k i n d l y made a v a i l a b l e by Dr. Gudmundur Palmason). 
T w o - m i l l i g a l isopachs are shown along w i t h the l o c a t i o n of 
the .-<.. three c e n t r a l volcanoes i n the research area. 
i 
volcanoes (except H a l l a r m u l i ) , suggesting high density m a t e r i a l w i t h i n 
the volcanoes, i n c o n t r a s t w i t h the surrounding areas. 
Th. Sigurgeirsson (pers. comm.) has conducted an aeromagnetic 
survey over the B o r g a r f j o r d u r - D a l i r area and has also k i n d l y allowed 
the author access to the p a r t concerning t h i s research area ( F i g . 2.5). 
Again, anomalous f e a t u r e s are detected over the c e n t r a l volcanoes, 











F i g . 2,5 An unpublished aeromagnetic map of western Iceland 
( k i n d l y made a v a i l a b l e by Dr. ThorbjSrn Sigurgeirsson) 
(1) Reykjadalur 
(2) Laugardalur 
(3.) H a l l a r m u l i 
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CHilPTER 3: 
THE PLATEAU BASALT PILE (VIICRAVATN-HVITARSIDA) 
I n t r o d u c t i o n 
The mapped s e c t i o n l i e s across the eastern f l a n k of the 
B o r g a r n e s - a n t i c l i n e (Saemundsson, 1967; Th. Einarsson, 1968) and 
the lava flows d i p from 1° t o 12° towards the southeast ( F i g . 2.2). 
The area was mapped by the author i n the summer of 1971 and the 
data presented as a B.S, d i s s e r t a t i o n of the U n i v e r s i t y of Iceland 
(Johannesson, 1972). The f o l l o w i n g summer the whole p r o f i l e was 
re-checked and extended towards the n o r t h ; the V i k r a v a t n - G r j o t h a l s 
area was revised completely, e s p e c i a l l y a graben west of Hredavatn. 
The geology i s shown on the Geological Map ( f o l d e d at the back of 
the t h e s i s ) . The southeasternmost part of t h i s map i s p a r t l y based 
on a survey done by undergraduate students from the U n i v e r s i t y of 
Iceland (Albertsson et a l . , 1971; Gudbergsson et a l . , 1971). The 
f o l l o w i n g d e s c r i p t i o n i s a b r i e f sunmiary of Johannesson (1972) w i t h 
some r e v i s i o n s and new i n t e r p r e t a t i o n s . 
I n the region, a l l the lava flows are b a s a l t i c except those 
belonging t o the H a l l a r m u l i c e n t r a l volcano (described i n Chapter 4 ) . 
The b a s a l t i c p i l e i s d i v i d e d i n t o 12 series using V/alker's (1959) 
f i e l d c l a s s i f i c a t i o n . The c l a s s i f i c a t i o n i s based on appearance, 
g r a i n s i z e , phenocryst content and amygdales, but not on chemical 
composition of the lava flows. However, the t y p i c a l f i e l d t h o l e i i t e 
t u r n s out t o be quartz normative t h o l e i i t e and the t y p i c a l f i e l d o l i v i n e 
b a s a l t t u r n s out to be o l i v i n e normative t h o l e i i t e . Thus the f i e l d 
term " t h o l e i i t e " corresponds roughly t o the petrochemical term "quartz 
t h o l e i i t e " and the f i e l d term " o l i v i n e b a s a l t " t o the petrochemical 
term " o l i v i n e t h o l e i i t e " . Also common i n the f i e l d are lavas which show 
c h a r a c t e r i s t i c s of both the t h o l e i i t e type and the o l i v i n e basalt type. 
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I t is. probably meaningless t o draw conclusions about the chemistry 
of such lavas from the f i e l d c h a r a c t e r i s t i c s alone. 
I n a d d i t i o n t o Walker's (1959) c l a s s i f i c a t i o n , the w r i t e r has 
adopted the term "compound lava f l o w " (Walker, 1971) f o r very coarse-
grained, o l i v i n e - r i c h lava flows which show flow u n i t s t r u c t u r e and 
have no i n t e r c a l a t e d c l a s t i c beds. These flows are thought t o have 
t h e i r o r i g i n i n s h i e l d volcanoes which more a p p r o p r i a t e l y should be 
c a l l e d lava s h i e l d s (Walker, 1971). 
During the i n i t i a l f i e l d work (1972) the magnetic p o l a r i t y of 
every f l o w was determined i n the f i e l d using a portable f l u x g a t e 
magnetometer. In the summer of 1973 a l l the lava flows of the 
e n t i r e s e c t i o n were d r i l l e d by N. D. Watkins and L. K r i s t j a n s s o n 
and the magnetic p r o p e r t i e s and p o l a r i t y measured i n the laboratory 
at the U n i v e r s i t y of lipde I s l a n d . The tv/p- sets of r e s u l t s are nearly 
i d e n t i c a l except f o r the bottom s e r i e s . A c o r r e l a t i o n of the se c t i o n 
w i t h the palaeomagnetic time scale i s shown i n Fig. 3.11. I . MoDougall 
has made K-Ar datings on a number of samples from the section (Table 
3.1). The palaeomagnetics and K-Ar data i s t o be published i n the 
near f u t u r e (McDougall et a l . , 1975). 
The lava p i l e w i l l be described from bottom t o top. The p r o f i l e s 
and t h e i r l o c a t i o n s are shown on Figs. 3.1 and 3.2. The magnetic 
p o l a r i t y , as determined i n the l a b o r a t o r y , i s also shown and the 
K-Ar datings are l i s t e d i n Table 13.1. 
Normal f a u l t i n g made c o r r e l a t i o n s between the various p r o f i l e s 
o f t e n very d i f f i c u l t but most of the c o r r e l a t i o n s were double checked. 
The r e g i o n a l d e s c r i p t i o n ends w i t h a group of plagioclase-phyric flows 
which date from the Mammoth event of the Gauss epoch and which are 
of the same age as the oldest g l a c i a l horizon discovered i n Iceland 
so f a r (AfcDougall and Wensink, 1966). The lava p i l e which f o l l o w s 
F i g . 3.1 
A map showing the l o c a t i o n s of the p r o f i l e s of the representative 
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F i g . 3.2 A r e p r e s e n t a t i v e s e c t i o n through the lava p i l e i n the 
B o r g a r f j o r d u r area, from Nordurardalur to H v i t a r s i d a . 
• T h o l e i i t e flow 
O l i v i n e b a s a l t flow 
P o r p h y r i t i c flow 
Compound lava flow ( l a v a s h i e l d ) 
Thin t h o l e i i t e f low 
Intermediate flow 
I g n i r a b r i t e s 
[3^  Sedimentary bed 
iv] Scree ( i . e . no outcrops) 
^ G l a c i a l horizon ( i n c l . t i l l i t e ) 
Open c i r c l e ; reverse magnetized flow. 
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s t r a t i g r a p h i c a l l y on top of the described se c t i o n has been mapped 
by Saemundsson and N o l l (1974). 
S t r a t i g r a p h y 
(1) Hredavatn s e r i e s ( f l o w s up t o no. 11 i n s e c t i o n NP i n F i g . 3.2). 
A l l rocks which l i e s t r a t i g r a p h i c a l l y below the H a l l a r i n u l i 
c e n t r a l volcano are grouped under t h i s heading even though they 
include many d i f f e r e n t rock types. The mapping of the area turned 
out t o be extremely d i f f i c u l t because of extensive normal f a u l t i n g 
and r a t h e r poor exposures. There s t i l l e x i s t more u n c e r t a i n t i e s 
about the g e o l o g i c a l s t r u c t u r e of the Hredavatn s e r i e s , than any^t/here 
e l s e i n the area discussed i n t h i s t h e s i s . The normal f a u l t s form 
a mosaic p a t t e r n of predominantly NW-SE and NE-SW f a u l t s ( F i g . 10.1). 
West of Hredavatn, a pronounced grabe/i s t r u c t u r e i s present which 
i s bounded on i t s south by a very large f a u l t (the Dyngja-fault, 
F i g . 10.5), the throw of which has not yet been established. A 
c o r r e l a t i o n could not be made across t h i s f a u l t i n s p i t e of several 
attempts. The t e c t o n i c s of t h i s area w i l l be dealt w i t h i n more 
d e t a i l i n Chapter 11. Underlying the Hredavatn series i s a t h i c k 
lava p i l e of at l e a s t 600 m which has not been mapped i n d e t a i l ( F i g . 
3. 2).and which w i l l not t h e r e f o r e be described. The thickness of 
the Hredavatn s e r i e s i s about 250 m. The very c h a r a c t e r i s t i c of the 
s e r i e s i s the i n f l u e n c e of water d u r i n g the formation of most of 
i t s u n i t s . 
The Hredavatn series s t a r t s w i t h a 20-30 m t h i c k , compound lava 
f l o w ( F i g . 3.3). I t c o n s i s t s of numerous flow u n i t s which have black-
weathering surface. The rock i s coarsegrained and extremely r i c h i n 
o l i v i n e . This u n i t i s only found i n s i d e the graben west of Hredavatn. 
The best exposures are on L i t l i T h r i m i l l and Hestabrekkur. 
O v e r l y i n g the compound lava flow i s a 10-15 m t h i c k , very 
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F i g , 3.3 L i t l i T h r i m i l l , a compound lava flow (a) showing a flow 
u n i t s t r u c t u r e . The o v e r l y i n g Hredavatn sedimentary bed 
(c ) i s exposed r i g h t of the normal f a u l t (b) followed by 
tvvo-tiered p o r p h y r i t i c (d) and t h o l e i i t e (e) flows. 
- • • it:..-> v ^ j ^ = " ^ ^ : ^ : - r -
F i g 3 4 Hestabrekkur n o r t h of Hredavatn. The Hredavatn sedimentary 
bed (a) f o l l o w e d by the lower part of a t w o - t i e r e d por 
p h y r i t i c lava flow ( b ) . The compound lava (c) flow i s 
exposed l e f t of the stream, l e f t of a normal f a u l t (d) w i t h 
a downthrow to the r i g h t . 
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p e r s i s t e n t , p l a n t - b e a r i n g sedimentary horizon, which has been r e f e r r e d 
t o i n the l i t e r a t u r e as the Hredavatn beds. I t has been described 
by many ge o l o g i s t s i n the past ( l a t e s t summary by Schwarzbach, 1956). 
These sediments can be tra c e d , at l e a s t , from Vikravatn-Fossadalur 
eastward through the graben, across the Nordurardalur v a l l e y , and 
as f a r south as S t a f h o l t s k a s t a l i . I n Hestabrekkur, northwest of 
the Hredavatn farm ( F i g . 3,4), the lower part of the layer consists 
of a 3 m t h i c k , dark brown s i l ^ t o n e w i t h t h i n bands of l i g n i t e s . 
The upper part c o n s i s t s of sc o r i a and of plagioclase-phyric hyalo-
c l a s t i t e which i s an aqueous f a c i e s of the o v e r l y i n g b a s a l t s . A 
d i a t o m i t e w i t h some pla n t f o s s i l s occurs i n the same sedimentary 
hor i z o n i n Brekkua and V e i d i l a e k u r . L i g n i t e i s q u i t e common and i s 
t h i c k e s t i n S u r t a r b r a n d s g i l (about 50 cm t h i c k ) . At S t a f h o l t s k a s t a l i , 
the beds con s i s t s of pl a n t - b e a r i n g s i l t s t o n e and sandstone, at least 
10 m t h i c k , o v e r l a i n by i g n i m b r i t e from the H a l l a r m u l i c e n t r a l 
volcano. I n many places the p o r p h y r i t i c flows, which l i e on top of 
the sediments, have flowed i n t o water and formed p i l l o w s and hyalo-
c l a s t i t e s . The sediments are water-transported g r a v e l , mud, and 
laminated s i l t sediments deposited i n a lake. The f i e l d r e l a t i o n s h i p s 
i n d i c a t e t h a t sediments accumulated i n a depression, probably a 
t e c t o n i c graben, p a r t l y f i l l e d by the lake. 
Overlying the sedimentary horizon i s a u n i t of plagioclase-phyric 
flows showing very r e g u l a r columnar j o i n t i n g . The thickness varies 
from 100 m i n H a l l a r m u l i ( F i g . 3.5) t o 15 ra i n the area west of 
Nordurardalur v a l l e y ( F i g . 3.4). I t s thickness soath of H a l l a r m u l i i s 
un c e r t a i n because of poor outcrops i n a boggy lowland, but i t i s 
considerable. I n H a l l a r m u l i are four flows but only one west of 
Nordurardalur v a l l e y . I n the area around V e i d i l a e k u r , two of the 
p o r p h y r i t i c flows are below the Hredavatm beds. The flows are very 
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Intei-bedded w i t h the p o r p h y r i t i c flows are plagioclase-phyric 
h y a l o c l a s t i t e s which have been formed at the same time as the 
flows. The h y a l o c l a s t i t e s are most o f t e n 3-4 m,thick but south 
of H a l l a r m u l i t h e i r thickness reaches at lea s t 10-20 m. 
The p o r p h y r i t i c flows do not o v e r l i e the sediments everywhere 
but i n s t e a d , a t w o - t i e r e d t h o l e i i t e flow covers them - probably the 
same fl o w which covers the p o r p h y r i t i c flows. This t h o l e i i t e flow 
i s 20-50 m t h i c k and i s e a s i l y t r a c e d from S v a r t a g i l across the 
Nordurardalur v a l l e y as f a r west as lake Vikravatn. The problem 
of t w o - t i e r e d columnar j o i n t i n g has been discussed by Saemundsson 
(1970). He believes t h a t the lava flows ponded i n v a l l e y s and 
depressions where they developed columnar j o i n t i n g . The p e c u l i a r 
d i v i s i o n of flows i n t o lower colonnades and upper c h i l l e d entablatures 
i s explained by water f l o o d i n g the lavas w h i l e t h e i r i n t e r i o r s were 
s t i l l molten. 
The topm.ost u n i t of the Hredavatn series consists of o l i v i n e 
b a s a l t flows and i s about 100 m t h i c k i n the H a l l a r m u l i area ( F i g . 
3.5), but only 30 m west of Hraunsnefsoxl. South of H a l l a r m u l i , the 
thickness of t h i s u n i t decreases r a p i d l y (see Chapter 4 ) . The number 
of flows i s greatest i n the H a l l a r m u l i area. South of H a l l a r m u l i , 
t h i s unit- i s represented by a compound lava flow;, ( F i g . 4.2). This 
u n i t of o l i v i n e b a s a l t f l o w s , thus forms a topographic high i n the 
H a l l a r m u l i area, where, at t h a t time the H a l l a r m u l i c e n t r a l volcano 
was s t a r t i n g i t s a c t i v i t y . 
(2) H a l l a r m u l i c e n t r a l volcano ( f l o w s no. 12 t o 13; described i n 
Chapter 4 ) . 
(3) K o l v i d a r h o l t series ( f l o w s no. 14-25) 
This s e r i e s i s up t o 45 m t h i c k , and consists of t h i n t h o l o i i t e 
f l o w s . I t i s found i n H a l l a r m u l i , K o l v i d a r h o l t and at the base of 
Hraunsnefsoxl. I t i s t h i c k e s t on K o l v i d a r h o l t , northeast of S v a r t a g i l , 
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but gets t h i n n e r i n both d i r e c t i o n s from there. The t h i c k - l a y e r e d 
G r j o t h a l s s e r i e s r e s t s unconformably on top of the K o l v i d a r h o l t 
s e r i e s i n the area northeast of S v a r t a g i l but conformably at 
Hyaunsnefsoxl. The number of flows v a r i e s from 5 t o 15 and they are 
v e s i c u l a r and w i t h hardly any i n t e r c a l a t e d c l a s t i c beds. The flows 
have black-weathering surface but are f i n e - g r a i n e d and no z e o l i t e s 
are present; they thus show t h o l e i i t i c a f f i n i t i e s . This series i s 
perhaps the f l a n k succession of the H a l l a r m u l i c e n t r a l volcano. 
(4) G r j o t h a l s t h i c k - l a y e r e d s e r i e s (flows no. 27-57b). 
This series i s p a r t of the Reykjadalur t h i c k - l a y e r e d series (see 
Chapter 5) which can be traced, at l e a s t , from H a l l a r m u l i i n the south 
t o Budardalur i n the n o r t h and from Sanddalur i n the east t o Lang-
avatnsdalur i n the west. The part described i n t h i s chapter i s on 
G r j o t h a l s and Hraunsnefsoxl (F i g . 3.6). I t i s about 180 metres t h i c k 
and numbers about 30 flows. The thickness of the series decreases 
towards the west and northwest. West of Sata the series i s w i t h i n 140 m 
t h i c k and becomes even t h i n n e r f u r t h e r west. 
Most of the flows are t y p i c a l , t h i c k t h o l e i i t e flows but two u n i t s 
of p o r p h y r i t i c flows are present. The lower u n i t i s found over a wide 
area, from G r j o t h a l s t o Saturdalur n o r t h of Vikravatn. I t i s also 
probably found n o r t h of the Reykjadalur c e n t r a l volcano (see Chapter 
5) . I n Hraunsnefsoxl (F i g . 3.6) the u n i t i s 20-30 metres t h i c k and 
con s i s t s of 4-5 flows. They are plagioclase and/or pyroxene phyric 
and gabbro x e n o l i t h s are abundant i n places. The f u r t h e r n o r t h , the 
more compound becomes ti e nature of the u n i t . I n Bjarnadalur and 
Vesturardalur the u n i t c o n s i s t s of o l i v i n e r i c h compound lava. The 
upper pa r t i s r a t h e r poor i n o l i v i n e phenocrysts but the lower h a l f 
has up t o 50% of o l i v i n e phenocrysts. 
The upper p o r p h y r i t i c u n i t i s 10-20 ra t h i c k (1-2 plagioclase 
p h y r i c f l o w s ) and forms the top of the se r i e s west of Holmavatn, and 
F i g , 3.6 Hraunsnefsoxl i n Nordurardalur, exposing the t h i c k t h o l e i i t e 
flows of the G r j o t h a l s (Reykjadalur) t h i c k - l a y e r e d s e r i e s , 
w i t h two t h i n u n i t s of p o r p h y r i t i c flows (a) and at the top 
i s an intermediate flow (b) from the Reykjadalur c e n t r a l 
volcano. The lower slopes are formed of Recent l a n d s l i p (c) 
F i g . 3.7 S i d u f j a i l seen from T h v e r a r h l i d . The S i d u f j a i l series (a) 
separated from the Sleggjlaekur series (b) by a 20 m t h i c k 
sedimentary bed ( c ) . 
n o r t h along G r j o t h a l s , I t i s also present at the top of Hraunsnefsoxl. 
Sediments are r a t h e r r a r e i n t h i s s e r i e s , apart from the t h i n 
red beds which are common. One sedimentary horizon accompanies the 
lower p o r p h y r i t i c u n i t . I t i s formed of bedded sandstone and con-
glomerate w i t h rounded pebbles and boulders. Another sediment i s found 
on S k a l a f e l l , southeast of G l i t s t a d i r , but i t s place i n the s t r a t -
igraphy i s not c e r t a i n because of f a u l t i n g . I t consists of bedded 
sandstone, s i l t s t o n e and c l a y . 
(5) G r j o t h a l s t h i n - l a y e r e d series ( f l o w s no, 57-99). 
This s e r i e s i s p a r t of the Reykjadalur t h i n - l a y e r e d series 
which extends at l e a s t from K a r l s d a l u r i n the south t o Haukadalur i n 
the n o r t h and from Holtavorduheidi i n the east t o Langavatnsdalur i n 
the west. The main pa r t of the series w i l l be described i n Chapter 5. 
The part described i n t h i s chapter i s on G r j o t h a l s and T h v e r a r h l i d . 
The s e r i e s i s about 470 m t h i c k , but the thickness increases considerably 
towards the n o r t h . The number of flows i s about 50, and most of them 
are t h i n and v e s i c u l a r , although t h i s f e a t u r e changes along the 
s t r i k e . I n the southern p a r t , the lavas tend t o be t h i c k e r and w i t h 
fewer vesic .les but f u r t h e r n o r t h one goes, the t h i n n e r and more v e s i c u l a r 
the f l o w s . 
The bottom h a l f of the s e r i e s i s a mixture of rather t h i n t h o l e i i t i c 
and p l a g i o c l a s e - p h y r i c flows. The number of flows i s uncertain because 
of f a u l t i n g , but i s about 35, Followed northwards, t h i s part i n t e r -
f i n g e r s w i t h t h i n , v e s i c u l a r , o l i v i n e basalt f l o w s , e s p e c i a l l y west of 
Raudabergsvatn. Sediments are very rare i n t h i s p a r t , except f o r a 
few t h i n red beds, which i n d i c a t e s a r a t h e r high e f f u s i o n r a t e . 
Between Lundur and F i s k i v a t n i s a u n i t of t h i c k t h o l e i i t e flows. 
I t i s 20-60 m t h i c k and c o n s i s t s of 2-7 flows. The thickness of the 
u n i t decreases r a p i d l y towards the south, and i s not found on the 
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western side of Nordurardalur. Underlying t h i s u n i t are two 
sediment l a y e r s , each 5-10 m t h i c k and consist of bedded t u f f and 
sandstone. 
The topmost lava u n i t c onsists of extremely plagioclase-phyric 
flows (up t o 50-60% phenocrysts). The thickness of the u n i t varies 
from 25 t o 150 metres. I t i s t h i c k e s t south of the Kviar farm, where 
i t appears t o be about 150 m, but i t i s very poorly exposed. Only 
9-10 flows are exposed ( t o t a l about 80 m) and i t must be assumed t h a t 
the r e s t of the u n i t c onsists of sediments r a t h e r than lava flows. 
Only about 10-15 metres of bedded sandstone are exposed on a r i v e r 
bank northeast of the Kviar farm. When the u n i t i s followed along 
s t r i k e t o the n o r t h and northeast, j u s t across the r i v e r L i t l a Thvera, 
the thickness decreases t o 30 m and 3-5 flows. On the mountain peak, 
j u s t northeast of L i t l a baula, i s a 60-70 ra t h i c k p o r p h y r i t i c u n i t 
which i s most l i k e l y the same u n i t . I t seems l i k e l y that the t h i c k - . 
ness d i s t r i b u t i o n i s caused by the topographical d i f f e r e n c e between 
the c r a t e r ( s ) and the lowlands south and southeast of the Reykjadalur 
c e n t r a l volcanic region. The flows were erupted somewhere north of 
Mt. Baula, probably near:the caldera rim and flowed south and south-
eastwards and down the slopes of the c e n t r a l volcanic region (where 
the u n i t i s t h i n n e s t ) . When they reached the lowlands they tended 
t o become t h i c k e r because of ponding. The sediment d i s t r i b u t i o n 
can be explained s i m i l a r l y because on the assumed slopes of the 
c e n t r a l volcanic r e g i o n , few sediments have been found, but i n the 
lowlands the sediments are both t h i c k and abundant. 
(6) Sleggjulaekur s e r i e s ( f l o w s no. 100-156). 
This s e r i e s i s about 520 m t h i c k and has been traced from the 
inner part of T h v e r a r h l i d t o S i d u f j a i l ( F i g . 3.7 ; Johannesson, 1972) 
and Kroppsmuli (Gudbergsson e t . a l . , 1971). I t i s also i n the 
lowlands west of Reykholtsdalur and H v i t a r s i d a ( i n c l . Veggjahals). 
The number of flows i s about 60 and they are of a l l types. The 
bottom part of the s e r i e s c o n s i s t s mainly of o l i v i n e basalt flows 
and few t h o l e i i t e and p o r p h y r i t i c flows. I n the middle of the 
se r i e s i s a u n i t of p l a g i o c l a s e - p h y r i c f l o w s , about 5-7, which can 
be tra c e d from T h v e r a r h l i d and K l e i f a r south along the Veggjahals. 
The upper h a l f of the ser i e s c o n s i s t s mainly of t h o l e i i t i c flows 
i n t e r c a l a t e d w i t h few o l i v i n e b a s a l t and p o r p h y r i t i c flows. 
Because of f a u l t i n g t h i s s e r i e s i s not as w e l l established as 
the others. The number of normal f a u l t s i s enormous and they make 
c o r r e l a t i o n i n some cases extremely d i f f i c u l t . Some of the 
i r r e g u l a r i t i e s of the ser i e s must be explained by the lavas f l o w i n g 
i n a landscape marked by t e c t o n i c f a u l t i n g and erosion. Most of 
these f a u l t s are NW-SE t o E-W and were already a c t i v e i n T e r t i a r y 
times. The problems of the f a u l t s w i l l be discussed i n Chapter 10. 
In t h i s t e c t o n i c environment, sediments were l a i d down. Sediments 
are more common i n t h i s s e r i e s than i n any other series i n the 
Borgarf j o r d u r area. Thin red beds are comm.on but t h i c k e r sediments 
form up t o 20% of the ser i e s and i n some places even as much as 30%. 
Because of the sediments the outcrops i n t h i s s eries are poorer than 
expected. Most of these sediments have been described i n d e t a i l 
by Johannesson (1972). Most consist of sandstone and conglomerate 
but i n a few cases of f i n e r m a t e r i a l . The topmost of the sediments 
i s found i n K l e i f a r and i n the gorge of the K j a r r a r i v e r and stretches 
f u r t h e r n o r t h , through Svarthamar and i n t o T h v e r a r h l i d and Holtavor-
d u h e i d i , (Chapter 6 ) . I t v a r i e s both i n thickness and type. I n the 
area from K l e i f a r t o Svarthamar (Figs, 3,8-3,10) i t consists of 
sandstone and coarse conglomerate w i t h rounded boulders which range 
i n s i z e from a few cm t o 1-2 m. North of Svarthamar the layer becomes 
f i n e r , of sandstone and s i l t s t o n e . A l l the other sediments i n the 
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F i g . 3.8 Svarthamar i n T h v e r a r h l i d : a 25 m t h i c k outcrop of T e r t i a r y 
conglomerate (see F i g . 3.9). 
F i g . 3.9 A poorly sorted conglomerate i n Svarthamar i n T h v e r a r h l i d 
(see F i g . 3.8). 
F i g . 3.10 The same sedimentary bed as i n Svarthamar. I t consists 
mainly of sandstone and s i l t s t o n e , but i n the centre of the 
bed i s a l e n t i c u l a r body of conglomerate (a) and the top of 
the bed (b) has been baked by the o v e r l y i n g flow ( c ) . 
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s e r i e s are more r e s t r i c t e d i n t h e i r d i s t r i b u t i o n and most of them 
cannot be t r a c e d over long distances and o f t e n end up against 
f a u l t escarpment. The thickness of the s e r i e s as a whole decreases 
towards the n o r t h but accurate measurements f o r the northern part 
are not a v a i l a b l e . On the other hand, the thickness of the sediments 
increases towards the n o r t h . 
(7) S i d u f j a i l s eries ( f l o w s no. 157-179). 
A 20 m t h i c k sedimentary layer o v e r l i e s the Slegg.julae .kur. 
I t can be t r a c e d from S i d u f j a i l ( F i g , 3,7), through K j a r r a r d a l u r and 
t o the T h v e r a r h l i d area. I n S i d u f j a i l the main part consists of 
bedded sandstone and s i l t s t o n e w i t h r h y o l i t i c ash and l i g n i t e s near 
the top. I n T h v e r a r h l i d both basic h y a l o c l a s t i t e s and acid i g n i m b r i t e s 
are present. This sediment was f i r s t described by Einarsson (1957). 
•Pflug (1959) conducted p o l l e n a n a l y s i s study of i t . 
The S i d u f j a i l s e r i e s i s about 310-320 m t h i c k and i s found on 
S i d u f j a i l and H u r d a r b a k s f e l l , and f u r t h e r south i n Kroppsmuli and 
Flokadalur (Gudbergsson e t . a l . , 1971). The s e r i e s consists of 
about 30 flows n e a r l y a l l of which are t y p i c a l t h o l e i i t e flows and 
u s u a l l y t h i c k . I n Kroppsmuli the s e r i e s i s about 340 m t h i c k . Red 
beds are conmion and two t h i c k sediments were found. Near the top of 
the s e r i e s i s a 5 m t h i c k layer of t u f f and clay sediments. The 
other i s i n the lower p a r t of the s e r i e s . I t i s about 40-45 m t h i c k 
w i t h one lava f l o w i n the middle of i t , and consists mainly of brown 
s i l t s t o n e and sandstone, and f i n e to coarse conglomerate w i t h angular 
and rounded boulders. This layer has been traced from S i d u f j a i l 
through K j a r r a r d a l u r and T h v e r a r h l i d and i n t o the Holtavorduheidi 
area (Chapter 6) . 
(8) Thorgautsstadir s e r i e s ( f l o w s no. 180-190). 
This series i s about 100 m t h i c k i n H v i t a r s i d a . I t i s also 
found on Skaneyjarbunga and Kroppsmuli (Gudbergsson e t . a l . , 1971) 
35 
where i t i s about 140 m t h i c k . I n H v i t a r s i d a the series i s found 
i n Thorgautsstadagil and cons i s t s of 13 flows, most of which are 
o l i v i n e b a s a l t flows w i t h few t h o l e i i t e and plag i o c l a s e - p h y r i c flows. 
Red beds are common. One layer of 1-2 m t h i c k sandstone and f i n e 
conglomerate i s present i n Thorgautsstadagil but the same layer 
i s about 14 m t h i c k on Skaneyjarbunga. 
(9) H a a f e l l series ( f l o w s no. 191-258). 
This s e r i e s i s about 210 m t h i c k i n H v i t a r s i d a and has been 
tr a c e d over an area from K j a r r a r d a l u r t o Flokadalur. The thickness 
south of Reykholtsdalur i s u n c e r t a i n because of poor outcrops and 
f a u l t i n g . I t consists of t h i n , very v e s i c u l a r t h o l e i i t e flows which 
are very c h a r a c t e r i s t i c and easy t o recognise. They are usu a l l y 
very t h i n , 2-3 ra on average compared w i t h 5-15 m f o r ordinary t h d l e i i t e 
f l o w s . Usually 1/3-1/2 of the thickness i s s c o r i a , 2-3 o l i v i n e 
b a s a l t flows and plag/px-phyric flows are present i n the middle 
p a r t of the s e r i e s . The number of flows i s about 70 but i t i s nearly 
impossible t o give an accurate number f o r the series because many lava 
flows pinch out and new ones come i n . Red beds are rare i n the series 
which p o i n t s t o a high e f f u s i o n r a t e . There are four sedimentary 
horizons and the thicknesses range from 5 t o 10 m. They consist of 
c l a y - r i c h m a t e r i a l t o sandstone w i t h small rounded pebbles. I n the 
highest bed ( i n Husagil i n s i d e Samstadir) are a few plant f o s s i l s . 
The s e r i e s may have i t s o r i g i n i n the area around the 
Skardsheidi c e n t r a l volcano (Saemundsson, per. com.) and possible 
having the same r e l a t i o n s h i p s w i t h the volcano as the Reykjadalur 
t h i n - l a y e r e d s e r i e s w i t h the Reykjadalur c e n t r a l volcano (see Chapter 
5 ) , The thinness of the flows may thus be a t t r i b u t e d t o topographical 
circumstances, i . e , flov/ing down the f l a n k s of the c e n t r a l volcanic 
region. 
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(10) Haukagil s e r i e s ( f l o w s no. 259-271). 
The thickness of t h i s s e r i e s i s uncertain i n H v i t a r s i d a 
because of a gap i n the middle part caused by poor exposures. I f 
the thickness i s c a l c u l a t e d from the s t r i k e and d i p a f i g u r e of 
140 m i s obtained, where of 1/3 i s not exposed. I t has been mapped 
i n Raudsgil (Albertsson e t . a l . , 1971) v/here the thickness i s about 
180 m and the author has mapped the same series on Steindorstada'dxl 
and found a s i m i l a r thickness:. This series consists of t y p i c a l 
t h o l e i i t e flows both i n Hvidarsida, Raudsgil and Steindorstadabxl, 
The number of flows i n Raudsgil and Steindorstadaoxl i s about 30 
but i n H v i t a r s i d a only 14 flows are exposed. Thin red beds i n t e r -
c a l a t e most of the flows. I n Husagil ( i n s i d e Samstadir) are two 
t h i c k sediment l a y e r s . The lower one, which i s at the bottom of the 
s e r i e s , i s 15-20 m t h i c k and co n s i s t s predominantly of brown sandstone 
and f i n e , bedded conglomerate. The upper one i s about 10 m t h i c k and 
co n s i s t s of grey t o yellow t u f f and clay sediments as w e l l as coarse 
r h y o l i t i c ash ( i g n i m b r i t e ?) w i t h pieces of black b a s a l t i c pumice. 
This ash i s probably from one of the c e n t r a l volcanoes i n the 
Skardsheidi region. I n Haukagil i s a 2 m t h i c k conglomerate w i t h 
angular t o rounded boulders and a y e l l o w i s h t u f f and clay matrix. 
(11) M i d g i l series ( f l o w s no. 272-283). 
I t i s about 70 m t h i c k and made of 10-11 flows. Six of the 
flows are p l a g i o c l a s e p h y r i c and the re s t are t h o l e i i t i c or o l i v i n e 
b a s a l t i c . This s e r i e s i s also found on Signyjarstadahals, and 
Raudsgil and Steindorstadaoxl (Albertsson e t . a l . , 1971), where 
i t i s n e a r l y 80 m t h i c k . Some of the flows are extremely plagioclase 
p h y r i c (up t o 50%) w i t h a few pyroxene phenocrysts as w e l l . Thin red 
beds i n t e r c a l a t e the flows but near the bottom of the series i s one 
f i n e conglomerate, 2-3 m t h i c k . 
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(12) K i n n a r g i l series ( f l o w s 283-319). 
A 10-15 m t h i c k sedimentary horizon o v e r l i e s the M i d g i l s e r i e s . 
The main part consists of brown siltstone and sandstone but the uppermost 
par t c o n s i s t s of f i n e conglomerate w i t h rounded pebbles. 
The K i n n a r g i l s e r i e s i s about 300 m t h i c k i n H v i t a r s i d a . I t 
i s also found i n Raudsgil and Steindorstadabxl where i t i s somewhat 
t h i c k e r ( A l b e r t s s o n e t . a l . , 1971; Saemundsson and N o l l , 1974). 
This s e r i e s consists mainly of t h o l e i i t e flows w i t h a few o l i v i n e 
b a s a l t and p l a g i o c l a s e p h y r i c f l o w s , i n a l l nearly 40 flows. Thin 
red bed i n t e r c a l a t e nearly a l l the flows, but i n the upper h a l f of 
the s e r i e s are 3-4 t h i c k e r sediments (each 1 t o 4 m t h i c k ) , mainly 
of bedded conglomerate. 
On t o p of the K i n n a r g i l s e r i e s f o l l o w s a g l a c i a l horizon and 
group of p l a g i o c l a s e p h y r i c lava f l o w s , which together provide a 
u s e f u l marker horizon, A magnetic r e v e r s a l from normal t o reverse 
also occurs at t h i s s t r a t i g r a p h i c boundary. The i n t e r p r e t a t i o n i s t h a t 
the reversed flows represent the Mammoth event of the Gauss epoch 
and t h a t the g l a c i a l horizon marks the onset of the Quaternary 
g l a c i a t i o n s which f o l l o w at regular i n t e r v a l s higher up i n the 
succession (Saemundsson and N o l l , 1974). 
Age Relations 
The palaeomagnetic scale f o r the B o r g a r f j o r d u r area (Fig. 3.11) 
and the K-Ar datings (Table 13.1) give an absolute age f o r the various 
s t r a t i g r a p h i c s e r i e s . McDougall et a l . (1975) have dealt i n d e t a i l 
w i t h the c o r r e l a t i o n between t h i s scale and the ocean-floor scale. 
The upper p a r t of the s e c t i o n f i t s remarkably w e l l w i t h the revised 
time scale f o r the ocean f l o o r (Cox, 1969; Talwani et a l . , 1971) 
although the bottom 1000 ra of the s e c t i o n cannot be c o r r e l a t e d as 
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F i g . 3.11 The K-Ar ages, w i t h p r e c i s i o n l i m i t s i n d i c a t e d , p l o t t e d against 
the aggregate s t r a t i g r a p h i c thickness above the base of the 
sequence. P o l a r i t y log f o r the sequence i s given adjacent t o 
the thickness axis (black, normal p o l a r i t y and white, reversed 
p o l a r i t y ) . Upper part of the diagram shows the p o l a r i t y time 
scale a f t e r Talwani et a l . (1971). The pr o p o r t i o n of sediment 
present per 100 m of section i s shown on the r i g h t . Modified 























i n (m.y.) 
3.49 ± 0.07 
3.44 ± 0.06 
3.64 ± 0.06 
3.68 + 0.05 
3.36 ± 0.07 
3.54 + 0.06 
3.52 .t 0.02 
3.60 + 0.07 
2.77 ± 0.11 
2.88 + 0.11 
4.12 ± 0,11 
3.80 + 0.08 
3.74 ± 0.07 
3.64 + 0.07 
3.56 + 0.06 
4.05 ± 0.06 
4.12 + 0.05 
4.12 + 0.06 
4.09 + 0.05 
4.19 ± 0,06 
4.22 ± 0.05 
4.67 ± 0.09 
4.53 ± 0.06 
5,03 ± 0.08 
4.85 + 0,06 
5,45 + 0.09 
5.16 + 0.09 
5.18 ± 0.09 
5,62 ± 0.09 
5.92 ± 0.07 
5.79 ± 0.07 
6. 18 ± 0.09 
6,22 ± 0.07 
6.20 + 0.10 
6,30 + 0.07 
6.75 ± 0.11 
6.73 + 0.08 
7,11 ± 0.12 
7,00 ± 0.09 
Mean age 
i n (m.y.) 
3.46 ± 0.07 
3.66 ± 0.06 
3,45 + 0.13 
3.56 ± 0.08 
2.82 1 0.11 
3.89 ± 0.20 
3.60 ± 0.07 
4.08 + 0.06 
4,10 ± 0.06 
4.20 ± 0,06 
4.60 ± 0,10 
4.94 ± 0.13 
5.26 i 0.16 
5.78 ± 0.15 
6.20 ± 0.09 
6.25 ± 0.10 
6.74 ± 0.11 
7.05 ± 0.12 
..Table 3.1 K-Ar ages of some lava flows from the .Borgarf j b r d u r area. The 
. sam.ple numbers r e f e r t o flows i n Fig.. 3.2. (From.I. McDougall 
G i l b e r t geomagnetic epochs are e a s i l y recognized and Epoch 5 as w e l l , 
but the l a t t e r i s s h o r t e r than expected, probably because of a lower 
e f f u s i o n r a t e and a possible unconformity. The magnetic s t r a t i g r a p h y 
i s more complicated below Epoch 5, due t o numerous short magnetic 
events. The lower boundary of Epoch 6 (Opdyke, 1972) i s probably 
at the bottom of p r o f i l e NS and the t h i c k normal event, exposed i n the 
K o l v i d a r h o l t s e r i e s and the bottom p a r t of the G r j o t h a l s t h i c k - l a y e r e d 
s e r i e s , i s probably anomaly 4, on the revised time scale (Talwani 
et a l . , 1971). 
The main s t r a t i g r a p h i c a l features of the 2.7 km t h i c k section are 
shown i n F i g . 3.12. The Hredavatn sedimentary horizon r e s t s unconformably 
on top of f a u l t e d and t i l t e d b a salts. These basalts may be considerably 
o l d e r than the rocks o v e r l y i n g them. A ba s a l t flow from the core of 
the Borgarnes a n t i c l i n e has been dated by Moorbath e t a l . (1968) and. 
an age of 13.2+2.0 m.y. was obtained. The s t r i k e and d i p r e l a t i o n s 
i n d i c a t e t h a t the rock und e r l y i n g the Hredavatn sedimentary horizon 
may be of s i m i l a r age, or s l i g h t l y younger. Thus there i s a gap of 
about 6 m.y. between the sediments and the underlying basalts. Two 
more unconformities occur i n the lava p i l e ; one betife^mthc l<o!.vi.ciarliolfc-series ond the 
Qrjothals tKick-Uijered Series, and the okli«r between the <^rjot^a\s ttiin-layerffd Series and the 
forks tfie fedi/nitnPary 'ric^"part of the pile. 
The p r o p o r t i o n of sediments i n the whole section i s about 15% of 
the t o t a l thickness. D e t r i t a l beds (sedimentary and j ^ o c l a s t i c ) 
c o n s t i t u t e about 6% of a 4.5 km t h i c k s e c t i o n i n the Reydarfjbrdur area 
i n eastern Iceland (Walker, 1959), which i s considerably less than 
i n the B o r g a r f j o r d u r area. 
The e f f u s i o n r a t e can be established by using the palaeomagnetic 
data and. the K-Ar-datings. I t i s on average about 730 m/m.y., but 
v a r i a t i o n s occur (see McDougall et a l . , 1975); f o r example, the e f f u s i o n 













































































THE MALI.ARMULI CENTRAL VOLCM'iO 
The H a l l a r m u l i c e n t r a l volcano l i e s on the eastern f l a n k 
of the Borgarnes a n t i c l i n e . The r e g i o n a l lava p i l e dips 
o o 
from 2 t o 1 0 towards the east and southeast. I t i s rath e r 
d i f f i c u l t t o p i n - p o i n t the centre i t s e l f because no s t r u c t u r a l 
or geophysical anomalies (Figs. 2.4 and 2 . 5 ) , u s u a l l y associated 
w i t h c e n t r a l volcanoes have been found or observed. The flows 
which belong t o the volcaiio have s i m i l a r s t r i k e and d i p t o the 
flows of the plateau basalt around. The field?/ork suggests t h a t 
the main c e n t r a l a c t i v i t y took place i n the area between S v a r t a g i l 
and H 8 1 1 ( F i g . 3 . 5 ) and probably down-dip i n the lava p i l e . 
The G r j o t h a l s r i d g e and the H a l l a r m u l i are dissected by a 
number of NE-SW to N-S running f a u l t s . The downthrow i s us u a l l y 
on t h e i r western side (see Chapter 1 0 ) , but there are exceptions. 
One prominent f a u l t , w i t h an opposite throw, runs from G l i t s t a d i r 
south along H a l l a r m u l i and reaches the boggy lowlands about 0.5 km 
east of H B l l . I t i s also l i k e l y t h a t t h i s f a u l t extends f u r t h e r 
south along the eastern side of the low ridge Veggjahals from 
H 5 1 1 t o S t a f h o l t . No rocks r e l a t e d t o the H a l l a r m u l i c e n t r a l 
volcano have been found east of the f a u l t , except f o r one flow 
of b a s a l t i c i c e l a n d i t e and one fl o w of r h y o l i t e about 0.5 km 
south of the Hamraendar farm (Fig. 4 . 1 ) . 
The e a r l i e s t rock u n i t associated w i t h the volcano i s an 
i g n i m b r i t e l a y e r a t S t a f h o l t s k a s t a l i and a very t h i n i g n i m b r i t i c 
l a y e r on top of the p o r p h y r i t i c u n i t northeast of Veidilaekur. 
The i g n i m b r i t e at S t a f h o l t s k a s t a l i o v e r l i e s the Hredavatn beds. 
I t i s up t o 1 0 m t h i c k yellow t o red-brown i n colour, and contains 
a few small x e n o l i t h s of mainly basic m a t e r i a l ; i t i s o v e r l a i n by 
43 
F i g . 4,1 R h y o l i t e and b a s a l t i c i c e l a n d i t e flows 
(the three small hummocks l e f t of the farm), 
about 500 m south of Hararaendar i n 
S t a f h o l t s t u n g u r . 
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t h o l e i i t e f lows. The same i g n i m b r i t e i s probably exposed i n a 
poor outcrop about 1 km northeast of Veidilaekur. On top of t h i s 
i g n i m b r i t e l a y e r i s the topmost u n i t of the Hredavatn series. 
I t i s t h i c k e s t i n the H a l l a r m u l i area and t h i n s towards the SW. 
At S t a f h o l t s k a s a t a l i i t has disappeared alt o g e t h e r . A few t h i n 
i g n i m b r i t e l a y e r s i n t e r c a l a t e the upper p a r t of t h i s u n i t 
(F i g . 4.2). 
On top of the Hredavatn s e r i e s l i e s the main acid succession 
of the H a l l a r m u l i volcano which thickness varies from 10 t o 100 m. 
I t i s t h i c k e s t on H a l l a r m u l i , up t o 100 m, but becomes gradually 
t h i n n e r towards the n o r t h and south (F i g . 4.3). The volcanic 
sequence con s i s t s of a l t e r n a t i n g i g n i m b r i t e layers and intermediate 
lava flows w i t h a few i n t e r c a l a t e d plant-bearing mudstone and 
conglomerate beds. 
On H a l l a r m u l i the lower h a l f of the sequence consists of 
f o u r i g n i m b r i t e layers i n t e r c a l a t e d w i t h occasional intermediate 
lava flows but the upper h a l f consists of intermediate lava flows 
only, which are best exposed south of T o r f d a l u r (Fig. 4.4). Each 
i n d i v i d u a l f l o w i s of f a i r l y l i m i t e d extent, from a few tens of 
metres up t o 500 m. Some of the flows have followed r i v e r 
courses, which were cut i n t o the i g n i r a b r i t e l ayers (Fig. 4.5). 
Each i g n i m b r i t e l a y e r on H a l l a r m u l i can be d i v i d e d roughly 
i n t o 5 u n i t s . The bottom p a r t consists of f i n e ash which i s 
r a t h e r unconsolidated and contains few and small x e n o l i t h s 
( u s u a l l y about 0,5-1 m t h i c k ) . Due t o hydrothermal a l t e r a t i o n 
the ash has p a r t l y been converted to clay ( m o n t m o r i l l o n i t e ) . Then 
there i s , i n most cases, a r a t h e r sharp change to a coarser 
i g n i m b r i t e c o n t a i n i n g b i g pieces of pumice and x e n o l i t h s , but 
s t i l l r a t h e r unconsolidated. The centre of each la y e r i s f i r m l y 
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Intermediate flow 
I Tholeiite flow 
Olivine basalt flow 
5 ^ Ignimbrite 
Compound lava flows 
Acid scoria 
F i g . 4,2 Section through the topmost part of the 
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F i g . 4.3 Sections through the lava p i l e i n the H a l l a r m u l i 
area. A : Grabrok-Fiskivatn; 
B : S v a r t a g i l ; 
C : Varmaland, 
consolidated and o f t e n welded; the pieces of pumice are f l a t t e n e d 
and x e n o l i t h s are abundant. Then there i s again a gradual 
continuum t o an unconsolidated i g n i m b r i t e and at the top i s a 
f i n e grained ash. This s u b d i v i s i o n i s only v a l i d f o r the 
H a l l a r m u l i area i t s e l f . West of Nordurardalur and south of 
H a l l a r r a u l i the f i n e ash at the bottom and top i s missing and the 
i g n i m b r i t e s have not welded centre. 
The f i n e ash at the bottom i s probably an a i r f a l l deposit 
formed a t the beginning of an e r u p t i o n . The main part of the 
i g n i m b r i t e i s then form.ed during the main outburst as an ash flow 
or a "nuee ardente" deposit. The ash at the top e i t h e r s e t t l e d 
from the dust l e f t i n the a i r a f t e r the ash f l o w had come t o a 
r e s t or i t formed as an a i r f a l l t u f f a f t e r the e r u p t i o n changed 
i t s character t o more P l i n i a n type a c t i v i t y . This s u b d i v i s i o n 
i n d i c a t e s a p r o x i m i t y t o the e r u p t i v e vent(s).. 
Most of the x e n o l i t h s are angular and reach up t o 3-5 cm i n 
s i z e , but u s u a l l y they are much smaller. They are of a l l types from 
bas a l t t o r h y o l i t e and p i t c h s t o n e . No p l u t o n i c x e n o l i t h s have been 
found except f o r a r a t h e r coarse-giained r h y o l i t e , which i s 
probably from a shallow i n t r u s i v e body. The x e n o l i t h s are less 
abundant i n the two lowest i g n i m b r i t e layers ( 1 . and 2. l a y e r ) but 
most abundant i n the f o u r t h l a y e r . 
The f i r s t and t h i r d layers are the main i g n i m b r i t e layers 
and both of them have welded centres. 
The f i r s t i g n i m b r i t e l a y e r ( F i g , 4.4) i s reddish i n colour and 
has maximum thickness of 15 m. At i t s base, j u s t north of H b l l , 
are v e r t i c a l moulds a f t e r tree trunks. The layer i s t h i c k e s t 
near T o r f d a l u r and t h i n s towards the north and i s not present 










s s s 
s s s 
s s s 
s s s 
s s s 
s s s 
^ s s 
S s s 
0 0 
B 
1000 m 300 m 
i s s 
s s s 
s s s 
s s s 
s s s 
s s s 
X 
P S | Kolvidarholf series 1. Ignimbrite layer 
HVeffavatn series 
'I Intermediate flows 
TflP n Ttioleiite flows 
Basaltic sill 
Plont fossils 
2. Ignirnbrite layer 
fiyj 3. Ignimbrite layer 
a i l • . 
'spn /..Ignimbrite layer' 
Acid ashlayer 
F i g . 4.4 Thr-ee sections through the main acid succession of 




S v a r t a g i l ; 
c e n t r a l part of TOrfdalur; 




F i g . 4.5 I c e l a n d i t e lava flow, showing p l a t y flow-
s t r u c t u r e p a r a l l e l to w a l l s of a r i v e r course. 
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of H a l l a r m u l i , approx, 1 km northwest of H j a r d a r h o l t , where i t 
i s less than 10 in t h i c k . I n many places, e s p e c i a l l j ' i n the 
southern p a r t of H a l l a r m u l i , t h i s la3'er i s o v e r l a i n by about 
10 m thickness of cross-bedded sediment w i t h pebbles and boulders 
of a l l types w i t h a tuffaceous matrix. Occasionally an intermediate 
f l o w separates layers 1 and 2. 
The second la y e r i s yellow-green i n ccilour, 2.5-5 m t h i c k , 
and f i n e r i n g r a i n than the three others, and probably e n t i r e l y 
formed of a i r f a l l t u f f . I t i s o f t e n d i f f i c u l t t o d i s t i n g u i s h 
between la y e r s 2 and 3. 
The t h i r d l a y e r i s also yellow-green i n colour but about 
20-25 m t h i c k (Fig. 4.4). I t i s t h i c k e s t i n T o r f d a l u r and t h i n s 
towards the south and has not been found south of H511. I t i s also 
considerably t h i n n e r west of Nordurardalur (7-10 m) and appears t o 
have been re-sedimented. I n Fossadalur the l a y e r i s accompanied by 
pl a n t - b e a r i n g lake deposits. I n the H a l l a r r a u l i area t h i n sediment 
(0.5-1 ra) w i t h s i l i c i f i e d tree trunks and an occasional intermediate 
lava f l o w separate layers 3 and 4, 
The f o u r t h l a y e r i s red-brown i n colour and 5-15 m t h i c k . 
I t i s t h i c k e s t near S v a r t a g i l and t h i n s t o the n o r t h and t o the 
south. 
The bulk of the intermediate flows o v e r l i e the f o u r t h i g n i m b r i t e 
l a y e r . They vary i n number from 1 t o 7 and can vary i n thickness 
from 2 t o 25 m but occasional t h o l e i i t e flow occurs also among 
the intermediate flows (Fig. 4.4). This group of intermediate 
flows i s t h i c k e s t i n the area from T o r f d a l u r t o Varmaland and no 
flows occur west of Hraunsnefsf3xl or south of S t a f h o l t k a s t a l i . 
Most of the flows are b a s a l t i c i c e l a n d i t e s and i c e l a n d i t e s , 
but d a c i t c flows were also i d e n t i f i e d . Only one r h y o l i t e flow has 
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been found so f a r , i n a p a r t i c u l a r l y poor exposure about 0.5 km 
south of the Hamraendar farm (Fig, 4.1). This r h y o l i t e flow 
occurs east of the f a u l t running along the eastern side of 
Veggjahals, probably s t r a t i g r a p h i c a l l y s l i g h t l y higher than the 
inter m e d i a t e flows described above. 
The youngest d i f f e r e n t i a t e d rocks i n the H a l l a r m u l i area i s 
a one metre t h i c k r h y o l i t i c ash l a y e r accompanied by s i l i c i f i e d 
t r e e trunks on K o l v i d a r h o l t . Conformably on top of the 
d i f f e r e n t i a t e d rocks of the H a l l a r m u l i c e n t r a l volcano l i e s the 
K o l v i d a r h o l t s e r i e s (see Chapter 3) which may represent a f l a n k 
succession of the volcano. 
A f t e r c e n t r a l a c t i v i t y ceased, the volcano was buried by f l o o d 
b a s a l t flows and subsequently cut by dykes, some of which intruded 
the i g n i m b r i t e s and formed s i l l s ( F i g . 3.5), A l l the s i l l s are 
b a s a l t i c except f o r one of i c e l a n d i t e . 
The H a l l a r m u l i c e n t r a l volcano i s h i g h l y abnormal compared t o 
other mapped c e n t r a l volcanoes in. Iceland (Walker, 1963; Sigurdsson, 
1966," F r i d l e i f s s o n , 1973; see also Chapter 5). One of the main 
d i f f e r e n c e s i s the absence of i n t r u s i v e sheets, cone sheets; or 
l a c c o l i t h s and the associated a l t e r a t i o n aureoles which u s u a l l y 
accompany mature c e n t r a l volcanoes. The only i n t r u s i v e s are a few 
• dykes, most i f not a l l of which were in t r u d e d a f t e r the volcano 
became e x t i n c t , and the evidence f o r a shallow r h y o l i t i c i n t r u s i o n ( s ) 
The analcime z e o l i t e zone i s s l i g h t l y higher i n the H a l l a r m u l i 
area than the surrounding areas. 
During the f ieldv/ork no evidence of a caldera or c i r c u l a r i t y 
i n s t r u c t u r e was found e i t h e r , which i s common among c e n t r a l 
volcanoes. 
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As mentioned e a r l i e r , no g r a v i t y or magnetic anomalies or 
other i r r e g u l a r i t i e s (Figs.2.4 and 2.5) have been detected over 
the volcano and the surrounding areas. 
The age of the lowest i g n i m b r i t e (1 km northeast of 
V e i d i l a e k u r ) i s about 6.7 m.y. ( F i g . 3.2) and the topmost i g n i r a b r i t e s 
are about 6.2 m.y. No K-Ar datings are a v a i l a b l e f o r the rocks 
from the f i n a l stages of the volcano but combining the a v a i l a b l e 
K-Ar dates and the palaeomagnetics, a minimum age of 6.0 m.y. i s 
obtained f o r the K o l v i d a r h o l t s e r i e s . The l i f e span of the 
H a l l a r m u l i c e n t r a l volcano, as we know i t today, was thus of the 
order of 600,000 to 750,000 years. This i s i n an agreement v/ith 
the estimated average l i f e span of c e n t r a l volcanoes i n western 
Iceland of 0.5-1.0 m.y. (Saemundsson and N o l l , 1974; Piper, 1971). 
The thickness of the p i l e , from the f i r s t d i f f e r e n t i a t e s 
u n t i l the end of a c t i v i t y r e l a t e d t o the volcano ( i n c l u d i n g the 
topmost u n i t of the Hredavatn s e r i e s and the whole of the 
K o l v i d a r h o l t s e r i e s ) , i s about 200-250 m, which gives an e f f u s i o n 
r a t e of 35 m/100,000 years thus c o n t r a s t i n g w i t h 73 m /100,000 years 
f o r the lava p i l e i n the BorgarfjfJrdur area as a whole (McDougall 
e t a l . , 1975). The e f f u s i o n r a t e i n a c e n t r a l volcanic area i s 
u s u a l l y much higher than f o r the basalt p i l e around i t . These 
f i g u r e s thus suggest abnormal con d i t i o n s i n the area during the 
volcano's l i f e - t i m e . Perhaps the main d i f f e r e n c e from other c e n t r a l 
volcanoes i s that the H a l l a r m u l i c e n t r a l volcano appears t o represent 
a peri o d of low e x t r u s i o n r a t e compared t o the succession above i t . 
The H a l l a r r a u l i c e n t r a l volcano i s the oldest i n the 
Borgarf jtJrdur area but according t o the s t r a t i g r a p h y i n 
Nordurardalur the a c t i v i t y of the Reykjadalur c e n t r a l volcano 
s t a r t e d less than 200,000 years l a t e r . 
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CHAPTER 5: 
THE REYKJADALUR CENTRA.L VOLCANO 
I n t r o d u c t i o n 
The Reykjadalur c e n t r a l volcano l i e s i n the heart of the 
mountain range between B o r g a r f j o r d u r and D a l i r . Except f o r Mr. Baula 
(Rutten and van Bemmelen, 1955) the area has not been described 
before. Mapping was c a r r i e d out i n the summers of 1972, 1973 and 1974. 
Because of the enormous size of the area involved, parts of 
i t could not be mapped i n d e t a i l . The main d i f f i c u l t i e s encountered 
were poor exposure, and intense f a u l t i n g i n the eastern and southeastern 
p a r t s of the area. The centre i t s e l f i s represented by a caldera, 
approximately 10 km i n diameter, which i s best exposed i n the 
Reykjadalur v a l l e y ( a f t e r which the volcano i s named). The f l a n k s 
of the volcano:extend, on average, about 10 km outwards from the 
caldera rim, but sometimes they extend f o r up t o 13 km. The actu a l 
diameter of the volcano thus ranges from 25 t o 30 km. 
The e x t r u s i v e rocks of the area can be d i v i d e d i n t o f o u r main 
groups or s e r i e s : -
1. The Reykjadalur t h i c k - l a y e r e d series 
2. The Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s 
3. The Reykjadalur t h i n - l a y e r e d s e r i e s 
4. The caldera f i l l i n g and the f i n a l d i f f e r e n t i a t e d 
e x t r u s i v e s . 
The i n t r u s i v e s r e l a t e d t o the volcano can also be subdivided 
i n t o t h r e e groups (dykes belonging t o the plateau basalt are described 
i n Chapter 9 ) : -
1, Intermediate and r h y o l i t i c dykes, which are feeders 
t o the Main Phase of d i f f e r e n t i a t e d extrusives. 
2. B a s a l t i c t o r h y o l i t i c cone sheets and s i l l s , which 
are feeders t o the t h i n - l a y e r e d series and t o the 
f i n a l d i f f e r e n t i a t e d e x t r u s i v e s . 
3, R h y o l i t e cone sheets and other i n t r u s i v e bodies from 
the f i n a l stages of c e n t r a l volcanic a c t i v i t y i n the 
area. 
S t r a t i g r a p h y 
(•'-) - Reykjadalur t h i c k - l a y e r e d s e r i e s 
The s e r i e s froms the base of the volcano and also part of the 
"cone" i t s e l f . The flows d i p about 2°--5° towards the volcano from 
the n o r t h , the south and the west ( i t i s not exposed on the eastern 
s i d e ) . The d i p changes a b r u p t l y about 2-3 km outside the caldera rim, 
o o 
where i t was found t o d i p 5 -25 outwards, forming a c i r c u l a r 
s t r u c t u r e on the volcano's western side (Fig. 5.1). The dips of the 
slopes of the cone would be increased i f c o r r e c t i o n s are made f o r the 
r e g i o n a l d i p . The thicknesses of the t h o l e i i t e flows measured on the 
slopes i n d i c a t e t h a t they were extruded on a f l a t topography r a t h e r 
than on a steep slope. The main cause of the observed di p may be u p l i f t 
r e s u l t i n g from l a t e r i n t r u s i v e a c t i v i t y , perhaps of acid i n t r u s i o n s 
at shallow depths. The r e g i o n a l d i p curves around the volcano (F i g . 5.2) 
and t h i s may be caused by sagging of the f l o o r of the volcano due t o 
the load of l a t e r volcanics s i m i l a r t o the Breiddalur c e n t r a l volcano 
i n eastern Iceland (Walker, 1963). 
A s e c t i o n through the s e r i e s i n the G r j o t h a l s area (the G r j o t h a l s 
t h i c k - l a y e r e d s e r i e s ) has been described i n Chapter 4. The series 
r e s t s unconformably on top of the K o l v i d a r h o l t series and the H a l l a r m u l i 
c e n t r a l volcano, i n the southern p a r t of the region. There i t consists 
mainly of t h i c k t h o l e i i t e f l o w s , w i t h two u n i t s of p r o p h y r i t i c flows; 
the lower u n i t also occurs n o r t h of the Reykjadalur volcano. 
Fig. 5.1 Unconformity (a) between the Reykjadalur t h i c k -
layered s e r i e s (b) and the o v e r l y i n g Reykjadalur 
t h i n - l a y e r e d series Cc). A lava flow from the 
Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s i s 
exposed on the r i g h t of the photograph ( d ) . Note 
the c i r c u l a r , outward-dipping s t r u c t u r e of the 
t h i c k - l a y e r e d s e r i e s . 
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F i g . 5.2 The present e l e v a t i o n ( i n metres) of the top of 
the Reykjadalur t h i c k - l a y e r e d series. 
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The s t r a t i g r a p h i c a l l y lowest rocks, which were examined north 
of the volcano, are exposed i n the gorge of the Haukadalur r i v e r 
n o r t h of H a r r a s t a d i r . Poorly exposed t h o l e i i t e flov/s are o v e r l a i n 
i 
by an olt^vine-rich compound lava f l o w which can be traced f o r at. 
l e a s t 10 km towards the n o r t h . This f l o w i s succeeded by an 
i c e l a n d i t e flow, which i s the oldest Sahc rock i n the area 
around the Reykjadalur volcano. I t i s not c l e a r v/hether t h i s p a r t i c u l a r 
f l o w has i t s o r i g i n within the c e n t r a l volcano, but i t i s thought 
l i k e l y . The i c e l a n d i t e f l o w i s o v e r l a i n by a 50-75 ra t h i c k u n i t of 
t h i c k t h o l e i i t e flows succeeded by a p o r p h y r i t i c u n i t , the same as on 
the southern side of the volcano. This u n i t can reach up t o 50 m i n 
thickness but i s u s u a l l y about 25 ra. I n Haukadalur and Hordudalur 
the u n i t c o n s i s t s of a t y p i c a l compound lava flow, but elsewhere 
c o n s i s t s of o l i v i n e b a s a l t flows and p l a g i o c l a s e - p h y r i c flows. The 
topmost p a r t of the s e r i e s c o n s i s t s of about 150 m of t h i c k t h o l e i i t e 
flows which are i n t e r l e a f e d by a few intermediate flows i n Sbkkolfsdalur 
and Sudurardalur. Thin red c l a s t i c beds i n t e r c a l a t e w i t h most of these 
flows. 
The s t r a t i g r a p h i c thickness of t h i s s e r i e s , from the i c e l a n d i t e 
f l o w i n the gorge of the Haukadalur r i v e r upwards, i s about 250-300 m 
and the thickness on Hraunsnefsb'xl, i n Nordurardalur, i s about 200 m. 
I t i s thus l i k e l y t h a t the compound lava f l o w and i c e l a n d i t e flow i n 
the gorge of Haukadalsa r i v e r correspond i n time t o the compound lava 
f l o w u n d e r l y i n g the Hredavatn beds and t o the d i f f e r e n t i a t e d rocks 
of the H a l l a r m u l i c e n t r a l volcano. 
(2) The Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s 
This s e r i e s which l i e s conformably on top of the preceding s e r i e s , 
includes most of the intermediate and acid extrusives of the 
Reykjadalur c e n t r a l volcano. I t s t o t a l thickness varies from 10 t o 200 m. 
Very few b a s a l t flows i n t e r c a l a t e w i t h the acid rocks, although there 
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i s a 50-75 m t h i c k u n i t of t h i n t h o l e i i t e flows i n Vesturardalur. 
The-series consists both of lava flows and fSyroclastic m a t e r i a l (ash 
and unwelded i g n i m b r i t e s ) but due t o l a t e r i n t r u s i v e a c t i v i t y , the 
stratigz-aphy south and southeast of the caldera rim i s d i f f i c u l t t o 
assess; some of the i g n i m b r i t e s and the ash have been replaced by 
basic cone sheets and s i l l s ( F i g . 5.3). The e a r l i e s t rocks belonging 
t o t h i s s e r i e s are a few r h y o l i t e flows and a huge a c i d i c i g n i m b r i t e 
l a y e r ( s ) whose thickness could not be established due to the d i f f i c u l t i e s 
described above. I t c e r t a i n l y runs i n t o tens of metres. This 
l a y e r may consist of more than one e r u p t i v e phase. I t i s greenish i n 
colour and o f t e n considerably a l t e r e d , and small x e n o l i t h s are common 
w i t h i n i t . The i g n i m b r i t e may have had i t s o r i g i n near the top of 
the volcano (which l a t e r collapsed) f l o w i n g down the eastern and 
southeastern slopes of the volcano, but i t s f u l l extent i s not known 
because i t disappears down-dip. The l a y e r i s t h i c k e s t at the head 
of A u s t u r a r d a l u r and i n Mjoidalur. The a c t i v i t y spread soon to other 
areas, from Vesturardalur t o Haukadalur. Most of the lava flows 
have t h e i r o r i g i n i n vents and dykes outside the cone of the volcano. 
Seven of these vents have been i d e n t i f i e d (see Geol. Map); the best 
exposed vents occur i n V i l f i l s d a l u r (Fig. 5.4). Each e r u p t i o n s t a r t e d 
w i t h a explosive phase ( P l i n i a n phase) forming a 2-10 m t h i c k bedded 
tephra l a y e r (Fig. 5.5), which contains numerous b a s a l t i c x e n o l i t h s 
of up t o 0.5 ra i n diameter. A f t e r the i n i t i a l explosive phase a 
hi g h l y viscous r h y o l i t i c magma was extruded and, due t o i t s high 
vis'cosifc^, a small dome-shaped body was formed over the vent (Fig. 5.4). 
Some of the intermediate and a c i d flows have t h e i r o r i g i n on the slopes 
of the cone, and perhaps near the o r i g i n a l summit. Their volume i s , 
however, small compared w i t h those erupted away from the cone. I t 
i s d i f f i c u l t t o estimate the volume r e l a t i o n s between the intermediate 
and ' r h y o l i t i c rocks but roughly estimated, the r h y o l i t i c rocks make up 
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F i g . 5,3 B a s i c s h e e t s and s i l l s emplaced i n unwelded 
i g n i m b r i t e of the Main Phase of d i f f e r e n t i a t e d 
e x t r u s i v e s i n Mjoidalur. 
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F i g , 5.5 Bedded r l i y o l i t i c lephra (a) u n d e r l y i i i g a r h y o l i t e 
lava f l o w (b) of the same e r u p t i o n ; belonging t o 
the Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s i n 
V i l f i l s d a l u r . 
Fig. 5 . 6 The upper l i l l i t e i n the Reykjadalur t h i n - l a y e r e d 
s e r i e s . The t i l l i t e (a) i-ests on a polished 
surface of lava flow ( b ) . P i l l o w lava (c) 
o v e r l i e s the t i l l i t e . Svarthair.ar north of 
Jbrva-Thverdaiur. 
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about t w o - t h i r d s of the whole s e r i e s . 
(3) Reykjadalur t h i n - l a y e r e d series 
This i s the most spectacular s e r i e s i n the whole research area 
and c o n s i s t s of numerous t h i n v e s i c u l a r flows, most of which show 
t h o l e i i t i c c h a r a c t e r i s t i c s . On the o u t s k i r t s of the area these 
t h i n t h o l e i i t e flows i n t e r f i n g e r w i t h t h i n , v e s i c u l a r o l i v i n e basalt 
flows. The flows are u s u a l l y not t h i c k e r than 2-4 m. Three 
p a l g i o c l a s e - p h y r i c u n i t s occur i n the upper p a r t of the s e r i e s , 
and a few intermediate and r h y o l i t e flows i n t e r l e a f w i t h the series 
n o r t h of the caldera. The t o t a l thickness of the series i s not known; 
i t s minimum thickness i s about 600 m but i t may be as t h i c k as 1000 m. 
The thickness i s greatest near the volcano, p o i n t i n g t o close 
r e l a t i o n s h i p s between the c e n t r a l volcano and the series. 
The s e r i e s r e s t s unconformably on top of the prece ding series 
i n the immediate v i c i n i t y of the volcano (F i g . 5.1) but i t i s 
conformably on top of the u n d e r l y i n g series f u r t h e r away (6-7 km from 
the caldera r i m ) . Flows belonging t o the s e r i e s d i p about 5° outwards, 
close t o the caldera rim, but l e v e l o f f about 2 km outside the time 
and s t i l l f u r t h e r away they tend t o f o l l o w the r e g i o n a l dip. 
The s t r u c t u r e of the s e r i e s i s i r r e g u l a r and complicated by 
contemporane 'Ous f a u l t i n g , accompanied by a few small unconformities 
which may be caused by s h i f t i n g of a c t i v i t y from one part of the area, 
t o another, and by erosion. 
The p o r p h y r i t i c u n i t s , which vary from 15 t o 75 m i n thickness, 
have a high p l a g i o c l a s e content. The phenocrysts can reach 2-3 cm i n 
s i z e , but are u s u a l l y less than 0.5 cm. The p o r p h y r i t i c flows are 
u s u a l l y two or three times t h i c k e r than the t h i n n e r t h o l e i i t e flows. 
Most of the p o r p h y r i t i c flows seem to have t h e i r o r i g i n i.\ear the 
centre of the c e n t r a l volcanic region, from whence they flowed 
outwards and down the slopes of the volcano, e s p e c i a l l y towards the 
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south and southeast. The lowest p o r p h y r i t i c u n i t includes, i n a 
few places on the northern side of the volcano, p i l l o w lavas and 
h y a l o c l a s t i t e s which i n d i c a t e the presence of water at the time of 
e x t r u s i o n . 
Sediments are rare i n t h i s s e r i e s . The t h i n red beds of c l a s t i c 
m a t e r i a l , which are so common i n the T e r t i a r y lava p i l e , are missing 
a l t o g e t h e r and the few sediments present are cross-bedded stream 
deposits, r a r e l y exceeding 5 m i n thickness. They are more common 
on the volcano's southern and eastern slopes, and, as mentioned i n 
Chapter 3, the upper p a r t of t h i s s e r i e s , i n T h v e r a r h l i d , contains a great 
amount of sediments. 
The formation of the ser i e s was i n t e r r u p t e d at l e a s t twice by 
e r o s i o n a l f o r c e s , probably g l a c i a t i o n s . The e a r l i e s t evidence f o r 
a possible g l a c i a t i o n i s i n d i c a t e d by a conglomerate i n Saurstadagil 
(eastern slope a t 580 m a . s . l . ) and i n S l e t t i d a l u r (350 m a . s . l . ) . 
The conglomerate i s about 10-15 m t h i c k . I t consists of boulders which 
are up t o 1-2 ra i n diameter, angular t o rounded, w i t h a tuffaceous 
matrix. The basement on which i t r e s t s i s not exposed and the layer 
i s confined t o the immediate neighbourhood of the caldera. The o r i g i n 
of the l a y e r i s not c e r t a i n but tv/o explanations may be considered : e i t h e r 
a mud fl o w ( l a h a r ) , or a t i l l i t e . The author favours the l a t t e r explanation 
because of the r e l a t i v e l y great extent of the conglomerate layer. 
About 100-200 m higher up i n the ser i e s i s a major break, accompanied 
by an unconformity close t o the caldera rim. This break i s c e r t a i n l y 
due t o a major g l a c i a t i o n as borne out by the polished surface of the 
un d e r l y i n g f l o w and the f o l l o w i n g t i l l i t e ( F i g . 5.6). Near the 
volcano the g l a c i e r carved out shallow v a l l e y s , which were l a t e r 
f i l l e d by p i l l o w lavas and h y a l o c l a s t i t e s , o f t e n accompanied by s i l t -
stone and sandstone. These rocks can be traced across the caldera rim 
where they i n t e r f i n g e r w i t h the topmost u n i t of the caldera f i l l i n g . 
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The thickness of the horizon i s u s u a l l y about 10-30 ra on the northern 
slopes but i t thickens towards the east, and merges w i t h the 
Holtavorduheidi sedimentary horizon (Chapter 6). This horizon of 
t i l l i t e , p i l l o w lavas and h y a l o c l a s t i t e s i s considered t o be formed 
under g l a c i a l c o n d i t i o n s , e i t h e r as a r e s u l t of an extensive T e r t i a r y 
ic e sheet or of a b i g mountain g l a c i e r covering the volcano and the 
surrounding areas. The Holtavbrduheidi horizon (Chapter 6) i s 
u n d e r l a i n bj' a t i l l i t e , suggesting a massive g l a c i a t i o n , but the 
lack of t i l l i t e s i n the T h v e r a r h l i d area and f u r t h e r south i n d i c a t e s 
t h a t the g l a c i a t e d area was confined t o the volcano and i t s nearest 
surroundings. The sediments of the Holtavorduheidi horizon could 
t h e r e f o r e be ascribed t o an outwash-plain from the g l a c i e r s on the 
highlands around the volcano. 
The h y a l o c l a s t i t e / p i l l o w lava horizon i s o v e r l a i n by a f u r t h e r 
100-200 m of t h i n t h o l e i i t e flows which, however, are missing i n the 
area south of S n j o f j o l l , probably due t o erosion before the S n j o f j o l l 
s e r i e s was formed. 
Walker (1963) described unusually t h i n t h o l e i i t e flows on the 
f l a n k s of the Breiddalur c e n t r a l volcano. He suggested t h a t they are 
t h i n because they flowed down the slopes of the volcano. This 
e x p l a n a t i o n may be v a l i d f o r the t h i n flows around the Reykjadalur 
c e n t r a l volcano and the K o l v i d a r h o l t series. I t i s more d i f f i c u l t t o 
accept f o r the t h i n t h o l e i i t e flows of the H a a f e l l s e r i e s , (Chapter 3) 
because no unusual t i l t i s observed i n t h a t area. However, these flows 
may be derived from another c e n t r a l volcano (Skardsheidi) about 30 km 
f u r t h e r south (McDougall e t a l . , 1975). 
(4) The caldera f i l l i n g 
Some time d u r i n g the formation of the t h i n - l a y e r e d series a 
collapse caldera, about 10 km i n diameter, was formed. Volcanic a c t i v i t y 
went on d u r i n g and a f t e r the collapse, forming a great v a r i e t y of 
v o l c a n i c rocks and e v e n t u a l l y f i l l i n g the caldera completely. Many 
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of these rocks are loose i n character and l a t e r cone sheets e a s i l y 
penetrated them, causing a great deal of disturbance. The e x t r u s i v e s , 
and the accompanying sediments i n s i d e the caldera, have been d i v i d e d 
i n t o 8 main u n i t s . F i g . 5.7 shows tv/o schematic sections scross the 
caldera. 
1. As the f l o o r of the caldera subsided, screes ( t a l u s - b r e c c i a s ) 
were formed on the slopes of the caldera escarpment (Fig. 5.8). These 
breccias show a great v a r i a t i o n i n character, p a r t l y due t o the great 
v a r i e t y of contained rocks and p a r t l y due t o g r a v i t a t i o n a l and f l u v i a l 
s o r t i n g . The breccias are u s u a l l y coarsest nearest t o the caldera rim 
and they d i p inwards, becoming f i n e r and o f t e n laminated near the 
centre of the caldera; l e n t i c u l a r bodies of coarse breccias occur 
interbedded w i t h the f i n e r m a t e r i a l . I t i s o f t e n d i f f i c u l t t o 
d i s t i n g u i s h between genuine t a l u s - b r e c c i a s and h i g h l y a l t e r e d and 
b r e c c i a t e d lava flows. 
2, One or more r h y o l i t e flows from the e a r l y stages of the caldera 
occur on the lower slopes of the Reykjadalur v a l l e y . The exposed 
thickness of the r h y o l i t e i s about 150-200 m, but as i t has been replaced 
p a r t l y by l a t e r cone sheets the o r i g i n a l thickness i s uncertain. The 
r h y o l i t e i s one of the e a r l i e s t v o l c a n i c s i n s i d e the caldera, and i t 
may have been erupted d u r i n g the subsidence of the caldera f l o o r . 
3. B a s a l t i c p i l l o v / lavas, h y a l o c l a s t i t e s and two-tiered j o i n t e d 
flows ( F i g . 5.9) i n t e r c a l a t e w i t h the breccias of u n i t ( 1 ) , at the 
head of Reykjadalur, but because of poor outcrops l i t t l e i s known 
about the extent and thickness of t h i s u n i t . Normal f a u l t i n g i n t h i s 
p a r t of the caldera made f i e l d w o r k d i f f i c u l t ( Fig. 10.1). Some of the. 
h y a l o c l a s t i t e s show evidence of having been redeposited under aqueous 
c o n d i t i o n s , 
4, A 25 m t h i c k tuffaceous sediment w i t h l e a f impressions occurs 
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F i g . 5.7 Two schematic sections across the Reykjadalur caldera. The 
u n i t s of the caldera f i l l i n g are numbered as i n the t e x t ( 1 t o 
8 ) ; the Reykjadalur t h i c k - l a y e r e d series ( a ) , Main Phase of 
d i f f e r e n t i a t e d e x t r u s i v e s ( b ) , Reykjadalur t h i n - l a y e r e d series 
( c ) , and intermediate and acid cone sheets and plugs ( d ) . 
F i g . 5.8 Talus-breccias (scree) dipping i n t o the Reykjadalur 
caldera i n Sanddalur. 
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F i g . 5.9 Two-tiered, columnar j o i n t e d basalt flow i n the 
Reykjadalur caldera f i l l i n g ( u n i t 3) at the 
head of Reykjadalur. The flow o v e r l i e s and i s 
o v e r l a i n by redeposited h y a l o c l a s t i t e s . 
68 
5. A u n i t about 200 m t h i c k of b a s a l t i c s u b a e r i a l lava flows 
( F i g . 5.10) o v e r l i e s the previous u n i t s . The number of flows i n the 
u n i t i s about 12-15 and each i s about 10-25 m t h i c k . They do not 
normally have a rubbly top but, instead, a plane surface. This i s 
due t o the flows ponding i n s i d e the caldera and s o l i d i f y i n g as a . 
lava pool. As a r e s u l t , many of the flows are coarse-grained and some 
have raicrogabbroic t e x t u r e s . Some of the flows have t h e i r o r i g i n 
outside the caldera, and flowed down the.slopes i n t o the caldera. 
The lower p a r t of the u n i t has s u f f e r e d severe a l t e r a t i o n i n the 
c e n t r a l p a r t s of the caldera. 
6. A u n i t of basic-intermediate lava flows, less than 75 m t h i c k , 
o v e r l i e s u n i t (4) i n K a l f a g i l i n Reykjadalur. The bottom part of 
the u n i t c o n s i s t s of p i l l o v / lava but t h i s gradually changes t o 
sausage-like bodies separated by brecciated p a r t s of the same flow, 
caused by r a p i d c h i l l i n g by water. 
7. U n i t s (5) and (6) are covered by a sedimentary bed, v/hich has 
been found i n many places i n s i d e the caldera and also outside the 
caldera rim, near Lambahnukur, i n d i c a t i n g t h a t no subsidence occurred 
a f t e r the bed was l a i d down. The thickness of t h i s u n i t i s about 
10 t o 25 ra and although i t c o n s i s t s m.ainly of s i l t s t o n e , sandstone 
and c l a y occur i n places. I g n i m b r i t i c m a t e r i a l i s common i n the 
western p a r t of the caldera but i t does not form a continuous layer. 
Plant f o s s i l s are abundant east of K a l f a g i l . These include leaf 
impressions, a great number of pine needles, and some pine cones. 
8. A u n i t of miscellaneous volcanic rocks (Fig. 5.10) o v e r l i e s 
the sedimentary bed. The present exposed thickness i s about 200-250 m 
but the upper p a r t may be missing. This u n i t has been traced across 
the n o r t h e r n and eastern caldera rim, where i t merges w i t h the 
Holtavorduheidi sedimentary horizon and w i t h the t i l l i t e / h y a l o c l a s t i t e s 
of the t h i n - l a y e r e d s e r i e s . The lower p a r t of the u n i t consists of 
F i g . 5.10 The Reykjadalur caldera f i l l i n g i n Geldingadalur. 
U n i t s exposed: a, t a l u s - b r e c c i a s ( u n i t 1); b, sub-
a e r i a l lava flows ( u n i t 5): c, sedimentary bed 
( u n i t 7 ) ; and d, h y a l o c l a s t i t e s and p i l l o w lavas 
( u n i t 8 ) . 
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F i g . 5.11 Intermediate lava flows showing p i l l o w - l i k e 
s t r u c t u r e s caused by r a p i d c o o l i n g i n the 
presence of water. On the eastern slopes of 
Gamalhnukar. 
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i r r e g u l a r l y columnar j o i n t e d lava flows, and the upper pa r t consists of 
h y a l o c l a s t i t e s and p i l l o v / lavas. Some of the h y a l o c l a s t i t e s have been 
re-deposited. Thin sedimentary beds and r h y o l i t i c ash i n t e r c a l a t e 
w i t h the lava lows and the h y a l o c l a s t i t e s . The flows are b a s a l t i c 
t o i ntermediate i n composition and they u s u a l l y display p i l l o w - l i k e 
f e atures ( F i g . 5,11), The Gamalhnukar h y a l o c l a s t i t e i s the t h i c k e s t 
l a y e r of t h i s u n i t , about 150 ra t h i c k . Small l e n t i c u l a r b a s a l t i c 
i n t r u s i v e bodies are common i n the h y a l o c l a s t i t e s and they may be 
oogenetic w i t h the h y a l o c l a s t i t e s , formed as offshoots fi'om the 
magma vent. The s t r u c t u r e and composition of t h i s u n i t raises the 
i n t e r e s t i n g question as t o whether i t was formed under subaqueous or 
g l a c i a l c o n d i t i o n s . The caldera had been f i l l e d at the time of formation 
of the sediments u n d e r l y i n g u n i t ( 8 ) , l e a v i n g l i t t l e or no space f o r 
a deep lake. I t i s thus u n l i k e l y t h a t u n i t (8) was formed under 
subaqueous c o n d i t i o n s . Deep water would be needed t o form some of the 
t h i c k e r l a y e r s of t h i s u n i t . I t is more l i k e l y t h a t the u n i t was 
formed s u b g l a c i a l l y . This i s supported by the occurrence of t i l l i t e 
u n d e r l y i n g the corresponding p i l l o w lavas and h y a l o c l a s t i t e s outside 
the caldera. The volcano was thus covered by an i c e cap where subglacial 
e r u p t i o n s occurred. 
I n t r u s i v e A c t i v i t y Related t o the Reykjadalur Central Volcano 
Intense i n t r u s i v e a c t i v i t y took place during the l a t t e r 
h a l f of the volcano's l i f e - s p a n . No l a rge i n t r u s i v e bodies are exposed at 
the present erosion l e v e l , except f o r Mt, Baula. The i n t r u s i v e s are 
mainly dykes and cone sheets which form a c i r c u l a r , i n c l i n e d , f u n n e l - l i k e 
s t r u c t u r e around the volcano. The i n t r u s i v e s can be divid e d i n t o 3 groups. 
(1) Intermediate and acid dykes cut the t h i c k - l a y e r e d series 
south of the caldera rim ( e s p e c i a l l y i n A u s t u r a r d a l u r ) . These dykes 
are feeders to- the Main Phase of d i f f e r e n t i a t e d rocks. They have a 
NE-SW trend and have s u f f e r e d severe hydrothermal a l t e r a t i o n . I t i s 
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d i f f i c u l t t o reconstruct some of these dykes because they have been 
e x t e n s i v e l y penetrated by l a t e r cone sheets. The dykes r a r e l y exceed 
10 m i n thickness. 
(2) Basic to acid cone sheets form a c i r c u l a r , i n c l i n e d swarm 
around the, volcano. The swarm i s s l i g h t l y elongated from NE t o SW 
(Fig. 5.12), These sheets may be feeders t o the Reykjadalur t h i n - l a y e r e d 
s e r i e s , and t o the f i n a l d i f f e r e n t i a t e d e x t r u s i v e s . The sheets tend t o 
f o l l o w the trend of the caldera rim, but towards the southwest t h e i r 
s t r i k e tends t o change t o NE-SW, which i s the same trend as f o r the 
dyke swarm i n t h a t area (see Chapter 9). An I n d i v i d u a l sheet does 
not cover more than a few degrees of an arc. 
Most of the sheets are basic and t h e i r thickness ranges from 0.25 
to 4 ra. The m a j o r i t y are about 0.75-1 m t h i c k . I t i s d i f f i c u l t to 
assess the age r e l a t i o n s h i p s between the various sheets but the fin e - g r a i n e d 
are u s u a l l y older than the coarse-grained sheets. This may be due t o 
an increase i n geothermal gradient as the i n t r u s i v e a c t i v i t y progressed. 
Some of the youngest sheets co n s i s t of gabbro or granophyre. 
A few basic plugs occur near the outer margin of the cone sheet 
swarm ( F i g . 5.12), K i r k j u f e l i i n Haukadalur, which i s the biggest of these 
plugs (about 100 m high) consists of coarse-grained and v e s i c u l a r 
b a s a l t , i n d i c a t i n g a shallow depth of i n t r u s i o n . 
G r a n i t i c and e s p e c i a l l y gabbroic x e n o l i t h s are commonly enclosed i n 
the sheets. Many of the sheets are plagioclase and/or clinopyrdxene phyric. 
Inside the caldera the main pa r t of each sheet i s p o r p h y r i t i c and only a 
t h i n outer margin i s aphyric. Outside the caldera the c e n t r a l parts of 
the sheets are p o r p h y r i t i c and o f t e n v e s i c u l a r , compared w i t h wider, 
dense and aphyric outer margins ( F i g . 5.13), The contacts between 
the v e s i c u l a r and p o r p h y r i t i c centres and the dense and aphyric 
margins are r a t h e r sharp. The d i f f e r e n c e between the r e l a t i v e thicknesses 
of the aphyric margins i n s i d e and outside the caldera may be due t o 
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Fig. 5.12 The average s t r i k e and d i p of cone sheets. The 
Reykjadalur and Laugardalur calderas are 
i n d i c a t e d and the broken l i n e marks the outer 
l i m i t s of cone sheet occurrence; s t a r - l i k e 
symbols are basic plugs. 
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d i f f e r e n c e s i n temperature of the host rock; i . e . higher i n s i d e the 
caldera than outside (due t o higher i n t r u s i v e a c t i v i t y ) . The 
sheets i n t r u d e d i n t o the country rocks outside the caldera would 
thus tend t o form t h i c k e r margins. 
The dips and s t r i k e s of the sheets are v a r i a b l e and tend t o 
comply with the d i p and s t r i k e of the surrounding country rock. 
These i r r e g u l a r i t i e s tend t o increase away from the caldera rim, 
o 
The d i p decreases outwards from the centre of the caldera, from 45 t o 
o 
10 ( F i g , 5.12). The intensit Y, d i s t r i b u t i o n of the sheets depends on 
the type of host rock. The sheets are most common i n the i g n i m b r i t e s 
of the Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s , which they intrude 
to a great extent ( F i g . 5.3). The cone sheets tend t o form t h i c k e r 
s i l l s i n the i g n i m b r i t e s (less than 30 m t h i c k ) . The high concentration 
of sheets i n the i g n i m b r i t e s i s r e f l e c t e d by a b i g magnetic anomaly 
over the areas where the i g n i m b r i t e s are t h i c k e s t (Fig. 2.5). The 
number of sheets i s also higher i n the t h i n - l a y e r e d s e r i e s , where they 
o f t e n reach 20% of the rocks compared w i t h 5-10% f o r the t h i c k - l a y e r e d 
s e r i e s . This d i f f e r e n c e i s caused by the sheets i n t r u d i n g along the 
boundaries between the flows, r a t h e r than c u t t i n g the c e n t r a l parts of 
the flows. 
I n s i d e the caldera the sheets are accommodated i n the talus-breccias 
and the r h y o l i t i c f l o w ( s ) at the bottom of the Reykjadalur; here they 
form a more complex s t r u c t u r e than outside the caldera. The oldest 
sheets are f i n e - g r a i n e d and aphyric and they tend t o f o l l o w the trend 
of the caldera rim. The younger sheets which are much more coarse-grained 
are confined t o the southern part of the caldera, forming a NW-SE trending 
swarm. The sv/arm can be d i v i d e d i n t o 3 or 4 p a r a l l e l u n i t s . The 
sheets are most-intense i n s i d e each u n i t (up t o 80%, Fig. 5.14) but drop i n number 
between the u n i t s . The sheets d i p on average about 45° towards the 
centre of the caldera, but some of the l a t e s t sheets are nearly v e r t i c a l . 
7.; 
F i g , 5.13 Basic cone sheet w i t h a v e s i c u l a r , p o r p h y r i t i c core and a 
dense, aphyric margin. 
F i g . 5.14 Basic cone sheets i n K a l f a g i l i n Reykjadalur 
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The lowest u n i t c o n s i s t s mostly of aphyric sheets but the topmost 
u n i t has the highest number of p o r p h y r i t i c sheets, o f t e n c r y s t a l 
cumulative or gabbroic i n character. 
3 R h y o l i t e cone sheets and i n t r u s i o n s from the f i n a l stages 
of the c e n t r a l a c t i v i t y i n the area. A number of arched r h y o l i t i c 
sheets and plugs occur i n s i d e and outside the caldera. These are 
younger than most of the e x t r u s i v e s from the volcano. The sheets 
are u s u a l l y about 10-15 m t h i c k . They d i s p l a y columnar j o i n t i n g 
( F i g . 5.15) and have a d i p of about 45° towards the centre of the 
caldera; each sheet can be traced f o r many kilometres - much longer 
than any basic sheet. The sheets are most common northeast and east 
of the caldera. By. f a r the biggest sheet i s found at the head of 
Sanddalur; i t i s about 100 m t h i c k and forms an arched feature on 
the caldera rim. The sheet i s bordered on both sides by basic sheets-
which are about 2 ra t h i c k . The inner dyke dips about 50°, and the 
outer about 30° inward. The contact between the basic and r h y o l i t i c 
dykes i s poorly exposed but seems f a i r l y sharp. Enclosed i n the 
r h y o l i t e sheet are fragments of basic m a t e r i a l . These h.ave f i n e - g r a i n e d 
margins (= c h i l l e d ? ) . S i m i l a r features have been described from eastern 
Iceland (Blake, 1966). Blake e t a l . (1965) argue t h a t composite dykes 
and net-veined complexes are the r e s u l t of basic dykes t r a n s e c t i n g a 
body of a c i d magma. This heats up the acid m a t e r i a l and mobilizes i t 
u n t i l the basic magma i s no longer able t o pass through i n the form of 
a dyke, but instead forms p i l l o w s , c h i l l e d against the acid magma. The 
aci d magma may then r i s e along the centre of the basic dyke, and may 
possi b l y reach the surface. The fragments i n the c e n t r a l part of the 
sheet described above could t h e r e f o r e be parts of the basic p i l l o w s 
brought up by the r h y o l i t i c magma. 
Small p i t c l i s t o n e plugs occur on the caldera rim and many of these 
can be traced i n t o cone sheets. The most impressive of these plugs i s 
F i g . 5.15 A r h y o l i t e cone sheet on the caldera rim i n 
Sanddalur. 
F i g , 5.16 A d a c i t e plug on the northern rim of the 
Reykjadalur caldera. The plug merges w i t h a 
cone sheet on the l e f t ( a ) . 
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Lambahnukur ( F i g , 5,16), on the northern caldera rim, which i s one 
of the youngest. I t i s columnar j o i n t e d and can be traced t o a 
. 1-2 m t h i c k sheet which dips about 45° inwards. In the centre of 
the caldera i s a r h y o l i t i c plug which i s severely a f f e c t e d by 
hydrothermal a l t e r a t i o n . 
The Baula complex (Figs. 5,17 and 5.18) was described by 
Rutten and van Bemmelen (1955) who argued t h a t i t was considerably 
younger than the surrounding lava p i l e and was probably of e a r l y 
Quaternary age, Mt, Baula i t s e l f i s a pyramid-shaped body r i s i n g 
about 600 m above i t s v i s i b l e base. I t consists of white-grey, v e s i c u l a r , 
r a t h e r coarse-grained r h y o l i t e , which i s u s u a l l y columnar j o i n t e d . At 
the base of Mt, Baula, r h y o l i t e dykes cut the i n t r u s i o n and form con-
o 
c e n t r i c a l l y i n c l i n e d sheets ( F i g , 5,19), These u s u a l l y d i p about 45 
towards Baula, The i n t r u s i o n arched up the lava flows on top forming 
a dome-like roof s i m i l a r t o t h a t of the Sandf e l l l a c c o l i t h i n eastern 
Iceland (Hawkes and Hawkes, 1933). The only evidence f o r t h i s dome-like 
roof i s found on the n o r t h side of Baula, i n M a e l i f e l l s g i l and on 
M a e l i f e l l . The flows d i p steeply outwards near the contact but the 
d i p decreases gr a d u a l l y away from the contact. The flows underlying 
the i n t r u s i o n seem t o form a very shallow bowl, but the base of the 
i n t r u s i o n i s not exposed. I n c l i n e d r h y o l i t e sheets spread over a wide 
area around Baula, w i t h most of them dipping towards i t (Fig, 5.19). 
The t h i c k e s t sheets are the L i t l a Baula plug and the S k i l d i n g a f e l l 
sheet, both east of Baula i t s e l f . On the western side of Baula, parts 
of the country rocks are brecciated due t o the r h y o l i t i c sheets i n t r u d i n g 
the contact between the i n t r u s i o n and the lava p i l e . F i e l d evidence 
suggests t h a t Baula i s a shallow i n t r u s i o n . 
• L i t l a Baula d i f f e r s from Baula i n t h a t the volcanism reached the 
surface, producing r h y o i i t i c tephra. L i t l e Baula i s a volcanic vent 
f i l l e d w i t h r h y o l i t i c breccias. These incorporate blocks from the 
F i g . 5.17 Geological map of the Baula complex. Yellow, 
r h y o l i t i c dykes and i n t r u s i o n s : pink, 
intermediate and r h y o l i t e flows of the 
Main Phase of d i f f e r e n t i a t e d extrusives of 
the Reykjadalur c e n t r a l volcano; light-brown, 
r h y o l i t i c vent breccias; brown, B a e l i p i l l o w 
lava from the l a s t g l a c i a t i o n ; blank, T e r t i a r y 
f l o o d b a s a l t ; black a l l u v i u m deposits. 
(o 
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F i g . 5,18 The Baula complex. Baula i n t r u s i o n ( a ) , L i t l a 
Baula vent ( b ) , and S k i l d i n g a f e l l ( c ) . The 
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surrounding basalt flows, some reaching tens of metres i n width. 
The r h y o l i t i c breccias c o n s i s t mainly of small r h y o l i t i c blocks i n f i n e 
a s h - l i k e matrix. A sedimentary bed about 25 m t h i c k occurs on the 
n o r t h side of L i t l a Baula. This was deposited i n a v a l l e y cut i n t o the 
T e r t i a r y lava p i l e . The sediment consists of light-brown clay, w i t h 
v a r y i n g amounts of a c i d pumice and ash. The bed i s laminated, and i t 
dips s l i g h t l y towards the mountain slope. The sediment merges w i t h 
the breccia found on the southern slope and i t may thus be of s i m i l a r 
age t o the e r u p t i o n which formed the breccia, R h y o l i t i c dykes were 
i n t r u d e d i n t o the vent towards the end of the e r u p t i o n . They cut both 
the breccia and the sedimentary bed. The dyke contacts consist of 
p e r l i t e , which suggests r a p i d c o o l i n g i n a subaqueous or s u b g l a c i a l 
environment. Two basic and a few normal f a u l t s cut the vent breccias 
and the sedimentary bed. 
Further west, on Hundadalsheidi, two n e a r - c i r c u l a r r h y o l i t i c 
vents are found, l i n e d w i t h obsidian. They are less than 20 m i n 
diameter and may be r e l a t e d t o the Baula complex. 
Age Relations 
A simple s t r a t i g r a p h i c sequence i s constructed i n Fig, 5,20, 
I t shows the palaeomagnetics of the various series and the age sequence 
of the main events i n the l i f e of the volcano. The palaeomagnetic 
p o l a r i t y was measured by a f l u x g a t e magnetometer but due t o secondary 
magnetism i n the rocks, caused by hydrothermal a l t e r a t i o n , the r e s u l t s 
are probably not r e l i a b l e , K, Albertsson (Ph,D, t h e s i s , i n prep,) has 
K-Ar-dated s i x samples from the volcanic sequence of the volcano. 
The datings are l i s t e d i n Table 5,1, 
The main episodes i n the a c t i v i t y of the volcano can be dated by 
combining the palaeoraagnetics and the K-Ar dates. The Main Phase of 
d i f f e r e n t i a t e d e x t r u s i v e s are dated from 5,2 t o 5.8 m,y, o l d ( i , e . 
Epoch 5 ) , and the event may have l a s t e d f o r a few hundred thousand 
8 Z 









.5,8 Epoch 5 
E x t r u s i o n of Ihe F i n a l 
D i f fe rent ia tes a n d C luc ia t ion 
> T t i i n - l a y e r e d S e r i e s 
l-laiii P l i a s e of D i f ferent ia ted 
F > ' t r u ? i v e s 
t T h i c t < - l a y e r e d S e r i e s 
' B a u l a ( ? ) 
A c i d Cone S h e e t s 
B a s i c Cone S t r e e t s 
C a l d e r a Collop<:e 
F i g , 5,20 A schematic diagram showing the main e x t r u s i v e 
and i n t r u s i v e events of the Reykjadalur 
c e n t r a l volcano, along w i t h the palaeomagnetic 
p o l a r i t y of the sequence and the a v a i l a b l e 
K-Ar datings. 
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H-24 (no. 85 ) 4 81 + 0 13 m y 
V-11 (no. 253) 5 79 + 0 14 m y 
M-4 (no. 170) 5 16 + 0. 15 m y 
H-57 (no. 117) 4 34 0. 12 m y 
H-16 (no. 79 ) 4 43 + 0. 18 ni y 
B-10 (no. 10 ) 3 39 0. 17 m. y 
H-24 I c e l a n d i t e f l o w i n the gorge of the Haukadalsa r i v e r , north of 
H a r r a s t a r l i r . 
V-11 I c e l a n d i t e flow from E i n i b e r j a g i l i n Vesturardalur. At the 
bottom of the Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s . 
M-4 I c e l a n d i t e flow from B e i g a l d a g i l i n Austurardalur. Near the 
top of the Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s . 
H-57 I c e l a n d i t e flow from the top u n i t of the caldera f i l l i n g , on the 
eastern side of Gamalhnukar. 
H-16 O l i v i n e t h o l e i i t e flow from Svarthamai- on Jor v a i i i u l i , over'lying 
the t i l l i t e h orizon i n the t h i n - l a y e r e d series. 
B-10 Baula r h y o l i t i c i n t r u s i o n . 
Table 5.1 K-Ar ages of some rocks from the Reykjadalur c e n t r a l volcano. 
The num.bers i n brackets r e f e r t o chemical analyses i n the 
Appendix. From K. Albertsson, Ph.D. t h e s i s i n prep. 
years, according to these datings. The topmost volcanics of the 
caldera f i l l i n g are about 4.3 t o 4.4 m.y. o l d ( i . e . G i l b e r t ) and the 
Baula i n t r u s i o n i s as young as 3.4 m.y. The K-Ar date of the i c e l a n d i t e 
f l o w , i n the gorge of the Haukadalsa r i v e r , i s d e f i n i t e l y f a r too 
young because the rocks o v e r l y i n g the flow are as o l d as 5.8 m.y. The 
t r u e age of the flow may be i n the region of 6.5 t o 7.0 m.y. 
I t i s not known at what time the caldera collapse took place. 
I t i s l i k e l y t h a t i t occurred a f t e r the e x t r u s i o n of the Main Phase 
of the d i f f e r e n t i a t e d rocks and t h a t subsidence had ceased by the 
time of d e p o s i t i o n of the p i l l o w lava and h y a l o c l a s t i t e horizon 
i n the upper pa r t of the t h i n - l a y e r e d series. I t i s more than l i k e l y 
t h a t subsidence was a gradual process, spanning thousands of years. 
The g l a c i a t i o n , which occurred at the end of the a c t i v i t y of 
the Reykjadalur c e n t r a l volcano, i s dated at about 4.3-4.4 m.y., which 
i s considerably e a r l i e r than the onset of the Quaternary Ice Age which 
s t a r t e d about 3.0-3.1 m.y. ago (McDougall and Wensink, 1966). 
The Baula complex i s , according t o the K-Ar-datings above, 
considerably younger than the other volcanics r e l a t e d to the Reykjadalur 
volcano, and i t may be t h a t Baula i s r e l a t e d t o the Snaefellsnes 
vol c a n i c zone ( f r a c t u r e zone) which, according t o Sigurdsson (1.970)a, 
became a c t i v e about 2.0 t o 2.5 m.y. ago. The age d i f f e r e n c e , however, 
discourages p o s t u l a t i n g such a r e l a t i o n s h i p . 
I f the Baula complex i s excluded, the l i f e - s p a n of the Reykjadalur 
c e n t r a l volcano would have been i n the region of 1.5 m.y., which i s a 
much longer l i f e - s p a n than the 0.5 t o 1,0 m,y, reported f o r other 
c e n t r a l volcanoes i n Iceland (Saemundsson and N o l l , 1974; Piper, 1971), 
CfiAPTER_6: 
THE HOLTAVQRDUHEIDI SEDIf.TENTARY HORIZON AHD THE SNJOFJOLL VOLCANIC SERIES 
I n the area east of Reykjadalur, i n Holtavorduheidi and f u r t h e r 
east and south from t h e r e , i s a t h i c k sedimentary horizon which i s 
of the same age as the t i l l i t e s and the h y a l o c l a s t i t e s around the 
Reykjadalur c e n t r a l volcano. Unconformably on top of the sedimentary 
horizon i s a series of basalt flows and h y a l o c l a s t i t e s of Matuyama age 
( S n j o f j o l l volcanic s e r i e s ) . 
H o l t a v o r d u h e i d i sedimentary horizon 
This horizon r e s t s on a group of plag i o c l a s e - p h y r i c flows (R-
magnetized), 20-30 m t h i c k , and t h i n red beds which i n t e r c a l a t e w i t h 
the flows. The flows and the red beds re s t on a 2 m t h i c k layer of 
r h y o l i t i c ash which can be trace d westwards where i t passes i n t o a 
10-20 m t h i c k sedimentary bed, c o n s i s t i n g of sandstone and f i n e 
conglomerate. 
Towards the south the Holtavorduheidi sedimentary horizon becomes 
t h i n n e r and s p l i t s i n t o 3-4 d i s t i n c t horizons separated by u n i t s of 
basalt flows (see Chapter 3 ) , The sediments were traced as f a r east 
as the gorge of the H r u t a f j a r d a r a r i v e r where the sediments disappears 
down-dip; here the horizon r e s t s on a t h i c k series of t h i n o l i v i n e 
b a s a l t flows which are part of a la r g e r lava s h i e l d . At the head 
of Nordurardalur the horizon r e s t s on an intermediate lava flow 
(N-magnetized). Towards the west the sedimentary horizon s p l i t s i n t o . 
two p a r t s ( F i g . 6.1). The lower one can be traced up the slopes of 
the Reykjadalur c e n t r a l volcano where i t passes i n t o the t i l l i t e s and 
h y a l o c l a s t i t e s described i n Chapter 5; the upper one underlies the 
S n j o f j o l l s e r i e s and r e s t s on a 100 m t h i c k (approx.) group of t h i n 
t h o l e i i t e flows (N-magnetized) from the Reykjadalur c e n t r a l volcano 
( F i g . 6.1), separating i t from the lower p a r t . 
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There are great v e r t i c a l and l a t e r a l v a r i a t i o n s i n the 
sedimentary horizon and interbedded w i t h the sediments are a few 
lava flows and h y a l o c l a s t i t e s . In most parts of the horizon, 
three d i s t i n c t d i v i s i o n s can. be observed: 
(a) The bottom of the sedimentary hoi-izon i s nearly always a t i l l i t e / 
conglomerate layer (Figs.6.2 and 6.3), wliose thickness varies from 
2 t o 10 m. The rock fragments are angular t o rounded and up t o 2 m 
i n diameter. The layer shows very poor lamination and sometimes no 
lamina t i o n at a l l . The mat r i x consists of t u f f , s i l t or f i n e 
grained sand. The under l y i n g f l o w s , where exposed, have had t h e i r 
rubbly top cleared o f f , but t h e i r surface has not been polished. 
This layer has been traced westwards and i s probably the same as the 
t i l l i t e j u s t outside the caldera r i m of the Reykjadalur c e n t r a l 
volcano. 
(b) Basic and intermediate h y a l o c l a s t i t e s , p i l l o w lavas and 
i r r e g u l a r l y columnar j o i n t e d flows ( e n t a b l a t u r e type, N-magnetized) 
o v e r l i e the t i l l i t e / c o n g l o m e r a t e layer. The thickness varies 
l a t e r a l l y from a few metres t o over 50 m. A s i n g l e lava flow may 
change from h y a l o c l a s t i t e / p i l l o w lava type through entablature type, 
suggesting an aqueous environment but not a deep lake, t o ordinary 
s u b a e r i a l flow. The intermediate flows have t h e i r o r i g i n nearby i n 
the Reykjadalur c e n t r a l volcano, of which they c o n s t i t u t e one of the 
l a t e r a l u n i t s . 
(c) The bu l k of the sedimentary horizon consists of sandstone, f i n e 
grained conglomerate, and i n some places clay and s i l t s t o n e occur. 
The sandstone, which forms the main part of t h i s u n i t , i s usually 
crossbedded and ripple-marks are very coimnon. The thickness of the 
u n i t v a r i e s from 50 t o 150 m or even more. The conglomerates contain 
boulders of various sizes ( F i g . 6.4), embedded i n a s i l t y or sandy 
So 
F i g . 6,2 T i l l i t o - l i k e conglomerate at the base of the Holtavorduheidi 
sedimentary horizon, i n B u r f e l l s a i n n r i i n Nordurardal'jr. 
Note the gradual decrea.se i n the number of boulders uiTv^ards. 
F i g . 6.3 T i l l i t e at the base o f the Hoitavorduheidi sedimentary 
horizon i n Hvassardalur. Note the subangular to rounded 
shape of the boulders. 
F i g , 6,4 Conglomerate interbedded i n the sandstone of the Koltavorduheidi 
sedimentary horizon, at the head of the Nordurardalur. 
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m a t r i x . The boulders are rounded and suggest t r a n s p o r t by v/ater. 
Interbedded w i t h the sandstone are s i l t s t o n e a.nd numerous seams of 
l i g n i t e (up t o 1 m t h i c k ) accompanied w i t h three trunks; l e a f 
impressions are common i n the sandstone and s i l t s t o n e . I n the 
g u l l i e s at the head of Nordurardalur, t h i n layers of r h y o l i t i c ash 
and d i a t o m i t e are present and an i g n i m b r i t e layer was found i n the 
innermost part of T h v e r a r h l i d (5-10 m t h i c k ) . 
Tr. Einarsson (1962) described part of these sediments and the 
interbedded flows and suggested a r e l a t i v e l y young age f o r them, 
i . e . l a t e r Pliocene or e a r l y Pleistocene, P f l u g (1959) has 
analysed l i g n i t e m a t e r i a l from t h i s horizon and found a "cool" f l o r a 
w i t h c o n i f e r s , s i m i l a r t o t h a t of Breidavik i n Tjornes. Einarsson 
(1962), however, p o i n t s out t h a t w h i l e the Brei d a v i k f l o r a r e f e r s 
t<sf low ground, the f l o r a of Holtavbrduheidi could r e f e r t o much 
higher e l e v a t i o n , i n which case i t s cool character i s not necessarily 
an i n d i c a t i o n of recent age. 
The H oi t a v o r d u h e i d i sedimentary horizon i s i n many aspects 
s i m i l a r t o the sands of the outwash-plains i n southern Iceland today. 
I t must be concluded t h a t at the e a r l y stage of the formation of the 
sediments, a g l a c i e r was present on top of the Reykjadalur c e n t r a l 
volcano and covered at l e a s t the area east t o the gorge of Hr u t a f j a r d a r a 
and the innermost p a r t of T h v e r a r h l i d . Subglacial and/or subaquatic 
e r u p t i o n s took place i n the area, e s p e c i a l l y at the ea r l y stages. 
The v o l c a n i c a c t i v i t y was greatest i n the Reykjadalur c e n t r a l volcano, 
where mountains of h y a l o c l a s t i t e s v/ere formed underneath the g l a c i e r . 
These loose m a t e r i a l s were e a s i l y eroded and transported by g l a c i e r s 
and streams; the m a t e r i a l was then deposited on the outwash-plain, 
probably a f t e r the g l a c i e r s had been reduced i n size and v.'ere only 
confined t o the high ground around the volcano. 
The r i v e r s c o n s t a n t l y dug channels i n t o the outwash-plain, along 
9? 
which lava flov/s found t h e i r way. This i s common i n the upper 
par t of the succession where compound lava flows (R-magnetized) 
flowed along some of these channels. These flows have t h e i r 
o r i g i n i n the area n o r t h of S n j o f j o l l , where they have a much greater 
e x t e n t . 
The sedimentary horizon was covered by younger rocks of 
which we have l i t t l e or no traces l e f t , due t o severe erosion during 
the e a r l y p a r t of the Quaternary g l a c i a t i o n u n t i l the formation of 
the S n j o f j o l l s e r i e s . 
There i s a marked d i f f e r e n c e i n the i n t e n s i t y of normal 
f a u l t s betv/een the un d e r l y i n g s t r a t a and the s t r a t a on top of the 
sediments, suggesting a lower r a t e of f a u l t i n g a f t e r the sediments 
had been l a i d down. The S n j o f j 5 1 1 s e r i e s r e s t s unconformably on 
top of the sediments i n the area at the head of Nordurardalur; i n 
the n o r t h e r n part of T h v e r a r h l i d , T e r t i a r y lava flows l i e unconform-
ably on top of the sediments, but f u r t h e r south the unconformity 
g r a d u a l l y disappears. The sedimentary horizon thus represents a 
d i s c o n t i n u i t y i n the volc a n i c production of the area. The length of 
t h i s break i s d i f f i c u l t t o assess but the age d i f f e r e n c e between the 
u n d e r l y i n g and the o v e r l y i n g volcanic series becomes greater towards 
the n o r t h . The volc a n i c a c t i v i t y d i d however, not cease altogether 
i n the area. Later, a few b a s a l t i c plugs i n t r u d e d the sediments. 
The proposed g l a c i a t i o n , represented by the t i l l i t e near the' 
base of the sediments, took place about 4.3-4,4 m.y. ago, which i s consider-
ably older than the oldest previously described of 3.1 m.y. (McDougall 
and Wensink, 1966; Saemundsson and N o l l , 1974). 
The S n j o f j o l l volcanic series 
I n the S n j o f j o l l area a l a t e Quaternary volcanic series r e s t s 
unconf ormably on top of the Holtavorduheidi sedim.entary horizon. The 
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thickness of t h e s e r i e s i s about 350 m but the topmost part has 
been removed ttirough g l a c i a l erosion. The series consists of 
o l i v i n e - r i c h s u b a e r i a l lava f l o w s , and h j ^ a l o c l a s t i t e s and p i l l o A v 
lavas formed under g l a c i a l c o n d i t i o n s ( F i g . 6,5), The h y a l o c l a s t i t e s 
u s u a l l y r e s t on t i l l i t e s which i n t u r n o v e r l i e a polished surface 
of the lava flows below. 
The flows i n the lower h a l f of the series are r a t h e r t h i c k 
and have a rubbly top, and red beds occur interbedded w i t h them. 
On top of the p l a t f o r m south of T r b l l a k i r k j a , a 5-10 m t h i c k sediment 
occurs, which c o n s i s t s of conglomerate and sandstone; i t i s poorly 
exposed and could p o s s i b l y be of g l a c i a l o r i g i n . Higher up i n the 
p i l e the lavas are o v e r l a i n by a t i l l i t e , h y a l o c l a s t i t e , and p i l l o w 
lava ( F i g , 6.6), The t i l l i t e i s reddish i n colour and r e s t s on a 
polished surface of the u n d e r l y i n g flow ( F i g , 6,7), and i s usually 
less than 1 m t h i c k . On t o p of the t i l l i t e l i e s a s u b g l a c i a l f a c i e s 
of the b a s a l t i c volcanism, w i t h a p i l l o w lava at the bottom and a 
h y a l o c l a s t i t e - b r e c c i a above. The thickness of the horizon varies 
from 20 m i n the southern part of the area t o 100 m i n the northern 
p a r t ( F i g . 6,6). On top of the g l a c i a l horizon r e s t s a 100-150 ra 
t h i c k sequence of b a s a l t flows which have buried the uneven topography 
of the h y a l o c l a s t i t e s . At the top of T r o l l a k i r k j a i s the second 
t i l l i t e h orizon above which are, again, h y a l o c l a s t i t e and p i l l o w lava. 
Normal f a u l t s , s t r i k i n g N-S, cut through the whole succession 
and are t h e r e f o r e younger than the p i l e . One basalt dyke ( w i t h N-S 
d i r e c t i o n ) was f o u n d near the top of T r o l l a k i r k j a , c u t t i n g through 
the topmost h y a l o c l a s t i t e . 
The palaeomagnetics of the lava flows and the h y a l o c l a s t i t e s 
are shown on F i g . 6.5; the lower part i s R-magnetized and the upper 






0 <r-|- • 
•H u o to 0 ' O >> 03 • • ^; to r—! 
4-> •p +J cci 
cS u SH •H > 
hO 0) •r-j a m ce >. +J •H •H fafl ft bC ft H i) • P 
o ;H U • 0) C 0 
u 0 •H o (« O 4-> cd CO bO 0) 
.M CO u in M ca ft 
•p Cfl OJ g .c o 0 6 CO H O s -p s i-t > 0) w r-H i - i c •H >> c ••o :o c c u H o • o o ca o ca •H E-i •H H •H ca CO 
• P o :3 4-> r-l -P -P E 
O • o 0) o o D •.o 0 :o o 






F i g , 6,G Northernmost p a r t of T r o l l a k i r k j a (see F i g , 6,5, section D), 
c o n s i s t i n g of the lower h y a l o c l a s t i t e horizon (about 100 m 
t h i c k ; a) and the o v e r l y i n g succession of lava flows ( b ) , 
F i g 6 7 Tlic base of the l i y a l o c l a s t i t e horizon i n F i g . 6.6. The 
hammer i s r e s t i n g on a polished surface of the underlying 
flow ( a ) , f o l l o w e d by i m of reddish t i l l i t e (b) which i s 
o v e r l a i n by p i l l o w lava and p i l l o w breccia ( c ) . 
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magnetized, K. Albertsson (Fh,D. t h e s i s i n prep.) has made a K-Ar 
d a t i n g of two samples from the lower h y a l o c l a s t i t e / p i l l o w lava 
horizon and from the o v e r l y i n g Java flow ( F i g . 6,5). Preliminary 
values give an age of 1,09 ± 0.07 m.y, and 1.63 ± 0,07 ni,y. , which 
i s upper Matuyama. 
The d a t i n g i n d i c a t e t h a t the normally magnetized sequence e i t h e r 
t 
c o r r e l a t e s w i t h the Jaramillow or w i t h the G i l s a event of the Maljayama 
epoch. A c o r r e l a t i o n w i t h the G i l s a event i s t e n t a t i v e l y favoured 
because t h i s long normal event i s i n b e t t e r agreement w i t h a 
sequence exceeding 150 m i n thickness. 
The S n j o f j 5 1 I s e r i e s must have been a part of a much bigger lava 
p i l e , formed during the l a t t e r h a l f of the Matuyama epoch. I n t e r -
g l a c i a l lava flows are found s c a t t e r e d over wide areas i n northern 
and northwestern Iceland (Kjartansson, 1965), r e s t i n g unconformably 
on top of the T e r t i a r y lava p i l e . Some of these i n t e r g l a c i a l flows 
have been dated (Everts et a l , , 1972) and they are of middle or l a t e 
Matuyama age. This suggests t h a t at the end of the Matuyama epoch, 
the main p a r t of the area from Snjof j o l l t o H o f s j t J k u l l i n c e n t r a l 
Iceland, n o r t h t o the valleys' of H u n a f l o i and possibly a l l the way 
to the coast, was covered by young lava flows and h y a l o c l a s t i t e s , 
r e s t i n g unconf ormably on top of the T e r t i a r y p i l e , . 
The t e c t o n i c framework w i t h i n which t h i s series o r i g i n a t e d i s 
obscure because i t s p o s i t i o n does not conform w i t h the present p a t t e r n 
of the a c t i v e volcanic zones. One possible explanation i s t h a t the 
volcanism i n the S n j o f j o l l area developed on a transverse zone across 
c e n t r a l Iceland, c o n t i n u i n g i n t o the Snaefellsnes peninsula. The 
young volcanism there s t a r t e d about t h i s time, a f t e r a lapse i n the 




THE LAUGARDALUR CMTML VOLC/kNO 
The Laugardalur c e n t r a l volcano, located about 5 km west of 
the Reykjadalur c e n t r a l volcano ( F i g . 2.3), was v i s i t e d during a 
three days reconnaissance. The western part of the volcano i s 
s t i l l completely unknown and the eastern part was mapped roughly. 
Based on t h i s reconnaissance, an o u t l i n e h i s t o r y of the volcano 
could, however;, be est a b l i s h e d . 
The eastern part of the volcano exposes a caldera and i t s 
f i l l i n g , but no a c t i v i t y , p r i o r t o the caldera collapse, has been 
i d e n t i f i e d as part of the volcano. The caldera, which i s about 10 
km i n diameter, i s f i l l e d w i t h sediments, intermediate lava flows 
and basic i n t r u s i o n s ( F i g . 7.1). S t r a t i g r a p h i c a l l y the volcano can 
be d i v i d e d i n t o s i x groups 
(1) The caldera f l o o r c onsists of t h i n t h o l e i i t e and plagioclase-
p h y r i c f l o w s , which are not separable from the upper part of the 
Reykjadalur t h i n - l a y e r e d f l a n k succession. The re g i o n a l dip outside 
the caldera i s 3-4° towards the n o r t h and northeast, but the dip 
changes across the caldera rim t o about 25° i n t o the caldera. The 
caldera r i m i s expressed as a t e c t o n i c f l e x u r e , on the eastern and 
southern side of the volcano ( F i g . 7.2). C i r c u l a r f a u l t s are present 
but the down-warping has been very gentle w i t h l i t t l e or no v e r t i c a l 
displacement. The caldera rim on the northern side i s , however, 
d i f f e r e n t and the u n d e r l y i n g s e r i e s have been cut by arcuate f a u l t s 
and d i f f e r e n t i a t e d cone sheets. 
(2) The oldest rock exposed i n s i d e the caldera i s a green i g n i m b r i t e , 
at the mouth of Fotadalur. I t contains numerous x e n o l i t h s , both 
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F i g . 7.1 A schematic N-S s e c t i o n through the Laugardalur c e n t r a l 
volcano. Note how the intermediate lava flows o r i g i n a t e 
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(3) The c e n t r a l and southei'n part of the caldera i s occupied by 
a prominent sedimentary bed, wliich o v e r l i e s the caldera f l o o r . I n 
a few places near the centre of the caldera, a coarse conglomerate 
i s found which belongs t o t h i s group. The boulders may reach 
5-10 m i n size and the mat r i x i s tuffaceous. Mingled w i t h the 
boulders are pieces of rock w i t h c h i l l e d margins, c l e a r l y from 
p i l l o w - l i k e bodies. The main part of the sedimentary bed consists 
of a layered s i l t s t o n e and sandstone, but a f i n e - g r a i n e d conglomerate 
i s present i n places. The present exposed thickness i s about 100 m 
but o v e r l y i n g the bed i s a gabbro i n t r u s i o n which might have 
replaced part of the sediments ( F i g . 7.3). 
(4) Intermediate lava flows o v e r l i e the sediments. These are 
p a r t i c u l a r l y prominent opposite Fotadalur, where they are at leas t 
200 m t h i c k , and are capped by a gabbro i n t r u s i o n . Mixed w i t h the 
lava flows are basic and intermediate h y a l o c l a s t i t e s . The lava 
flows themselves have ponded i n t o a lake, and they form sausage-like 
bodies (4-10 m t h i c k ) separated by breccias of the same lava flow. 
(5) Some of the intermediate flows probably have t h e i r o r i g i n i n 
some of the huge cone sheets (predominantly pitchstone sheets) 
e n c i r c l i n g the eastern and northern caldera rim. The cone sheets, 
which are intermediate t o r h y o l i t i c i n composition are t h i c k , o f t e n 
100 m, and each sheet i s formed by means of m u l t i p l e i n j e c t i o n of 
magma d u r i n g an e r u p t i o n . Near the top of Hestur, one of the cone 
sheets d i s p l a y s a h o r i z o n t a l banding, which could probably be caused 
by the magma f l o w i n g h o r i z o n t a l l y from a vent down i n t o the caldera 
lake ( F i g . 7.1). Granophyric x e n o l i t h s can be found enclosed i n the 
cone sheets and also i n the intermediate flov/s. 
(6) A basic magma was in t r u d e d i n t o the r a t h e r loose caldera f i l l i n g 
and formed a l a c c o l i t h - t y p e gabbro i n t r u s i o n . The i n t r u s i o n i s at 
F i g . 7.3 Trbllkonuskard i n Laugardalur. A t h i c k gabbro i n t r u s i o n 
o v e r l y i n g intermediate lava flows and sedimentary beds. 
least 200 m t h i c k . The main host rock f o r tli e i n t r u s i o n i s the 
sediment, but i t has also i n t r u d e d the intei'mediate flows. The 
o 
l a c c o l i t h dips 2-3 towards the northeast. 
The age of t h i s volcano r e l a t i v e t o the Reykjadalur c e n t r a l 
volcano i s obscure, although i t seems t o be s l i g h t l y younger. The 
t h i n t h o l e i i t e f l o w s , forming the f l o o r of the caldera, are normall}' 
magnetized and belong probably t o Epoch 5. A negative magnetic 
anomaly has been detected over the volcano ( F i g . 2.5) which most 
l i k e l y i s caused by a reversely magnetized i n t r u s i o n , probably t l i e 
one exposed i n s i d e the caldera. These supposed reversely magnetized 
rocks would presumably belong t o the lower part of the G i l b e r t epoch 
( l e s s than 5 m.y.). 
No basic i n t r u s i o n s other than the gabbroic l a c c o l i t h are 
present i n or around the caldera, apart from a few dykes, most of 
which are younger than the volcano. The lack of such i s r e f l e c t e d 
also i n the complete absence of a high grade metaraorphic aureole but, 
instead, an undisturbed z e o l i t i c zonal assemblage. 
However, minor changes occur i n the g r a v i t y f i e l d over the 
volcano ( F i g . 2.4). 
The mechanism of the caldera collapse i s also q u i t e d i f f e r e n t 
from t h a t of the Reykjadalur caldera. The northern part of the 
caldera collapsed along a c l e a r c u t f a u l t . Debris from the f a u l t w a l l s 
accumulated on the bottom of the depression. At the same time the 
southern part of the caldera foundered along a curved f l e x u r e , 
i n d i c a t e d by a change i n d i p of the lavas across the rim. 
Water accumulated i n the depression, forming a caldera lake where 
subsequent subaqueous eruptions took place and i n t o which lavas from 
the surroundings ponded and were p a r t l y b r e c c i a t e d upon contact w i t h 
the water. 
i02 
Erosion also took place i n t l i e areas outside t l i e caldera and 
the m a t e r i a l was subsequentIj' t r a n s p o r t e d by means of water i n t o 
the caldera, forming the sediment. The sediment fans f i l l e d 
mainly the southern part of the caldera, probably because of a 
higher topography south of the caldera at the time of i t s formation. 
The caldera then g r a d u a l l y f i l l e d w i t h sediment and lavas and i n the 
end was b u r i e d a l t o g e t h e r by lava flows, probably followed by the 
i n t r u s i o n of the gabbro. 
The magmatic processes th a t led t o the Laugardalur caldera 
collapse are unknown. One might speculate t h a t t h i s collapse caldera 
was a p a r a s i t e t o the Reykjadalur' c e n t r a l volcano, or perhaps the 
c e n t r a l a c t i v i t y s h i f t e d s l i g h t l y westward at the time of decreasing 
a c t i v i t y i n the Reykjadalur area. 
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CriAPTER 8: 
LATE QUATFflNARY AND RECENT VOLGANISM 
Volcanic a c t i v i t y was revived i n the south-western part of the 
research area i n l a t e Quaternary times. The a c t i v i t y i s part of the 
volcanic zone or Snaefellsnes f r a c t u r e zone which s t a r t e d i n the 
outer p a r t s of the Snaefellsnes peninsula i n e a r l y Matuyama (Sigurdsson, 
1970a) and s t r e t c h e d from there i n l a n d t o j o i n the main r i f t i n g 
zone near L a n g j o k u l l (see Chapter 10, F i g . 10,6). The c e n t r a l p a r t 
of the zone soon faded out and the main a c t i v i t y i n l a t e Quaternary 
times has taken place i n the outer parts of the Snaefellsnes peninsula, 
decreasing south-eastwards and disappearing a l t o g e t h e r east of 
Nordurardalur. The extent of t h i s volcanism i s shown on the 
g e o l o g i c a l map of mid-western Iceland (Kjartansson, 1968), Four 
formations belonging t o t h i s group occur i n the research area (Fig, 8,1) 
and a few more i n Langavatnsdalur:-
1, B a e l i i n Nordurardalur has been described by Jonsson (1964). I t 
i s a heap of p i l l o w lava and p i l l o w breccia, about 1 km long and 0.5 km 
wide. I n the centre of the heap, a d y k e - l i k e body occurs running 
east-west. The e r u p t i o n took place beneath a g l a c i e r d uring the 
l a t t e r h a l f of the l a s t g l a c i a t i o n . 
2. Grabok lava f i e l d i s a Recent but p r e h i s t o r i c lava flow i n 
Nordurardalur. The e r u p t i o n took place through three c r a t e r s on a 
2 
f i s s u r e s t r e t c h i n g NIV-SE. The f l o w i s about 6.75 km and i t dammed 
the Nordura r i v e r and a lake nearly 15 km long was formed behind i t . 
The r i v e r l a t e r cut i t s way through the lava and the lake was drained, 
14 
l e a v i n g behind a f l a t p l a i n of lake deposits, A C d a t i n g of organic 
m a t e r i a l u n d e r l y i n g the f l o w gives an age of 3700+120 years (Schwarzbach, 
1956) but according t o the same reference the d a t i n g i s not p a r t i c u l a r l y 





F i g . 8.1 Late Quaternary and Recent volcanics i n the B o r g a r f j o r d u r area. 
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3, V i k r a f e l l i s a 150 m high, WIW-ESE s t r e t c h i n g ridge on top of the 
mountain range west of Lake Hredavatn i n Nordurardalur, The base 
of the f o r m a t i o n c o n s i s t s of p i l l o w lava and p i l l o w breccia covered 
by h y a l o c l a s t i t e . I n a depression west of the easternmost peak, 
a heap of p i l l o w s from the very end of the e r u p t i o n occurs. The 
e r u p t i o n took place beneath a g l a c i e r , probably near the end of 
the l a s t g l a c i a t i o n . 
4, Stadarhnukur r i s e s about 200 m above i t s surroundings and consists 
of lower p i l l o w lava and p i l l o w breccia, and upper h y a l o c l a s t i t e , 
covered w i t h s u b a e r i a l lava flow of the same e r u p t i o n ( i . e . Table mountain) 
On the n o r t h e r n edge of the mountain a WN^ -V-ESE s t r e t c h i n g dyke-line 
f e a t u r e , about 2.5 km long, occurs. The e r u p t i o n most l i k e l y occurred 
at the end of the l a s t g l a c i a t i o n . Nearly a l l the volcanic products 
are accumulated on the southern, leeside of the dyke, because the 
g l a c i e r covering the area at t h a t time moved southwards, preventing 
the volcanics from spreading northwards. 
The Recent volcanism outside the domain of the S n a e f e l l s n e s j o k u l l 
c e n t r a l volcano took place along two p a r a l l e l f a u l t zones (Sigurdsson, 
1970b) and the formations i n the research area belong t o the more 
n o r t h e r l y zone. The a c t i v i t y on the Snaefellsnes peninsula since 
the end of the l a s t g l a c i a t i o n has been small compared w i t h the a c t i v i t y 
i n the main r i f t i n g zones i n Iceland (Jakobsson, 1972), The l a s t 
e r u p t i o n took place around the year SOO DP (Eldborg i n Myrar; Askelsson, 
1955). I t seems t h a t the a c t i v i t y i s p e r i o d i c and t h a t the l a s t main 
ou t b u r s t of a c t i v i t y occurred about 2000-3000 years ago when many 
erupt i o n s occurred i n the Hnappadalur area (Th. Einarsson, 1970) and 
14 
once occurred i n Nordurardalur, but C datings are not a v a i l a b l e from 
other areas on the Snaefellsnes peninsula. 
The so - c a l l e d Snaefellsnes f r a c t u r e zone has been explained 
as the r e s u l t of a d i f f e r e n t r a t e of spreading between n o r t h and 
south Iceland (Sigurdsson, 1970b), caused by only one r i f t i n g zone 






Nearly 1200 dykes have been found i n the research area 
(Fig. 9.1). Each dyke l o c a l i t y was transfe^ed from an a e r i a l 
photograph t o the map and the tlickness and d i r e c t i o n measured i n 
the f i e l d . The width of the dykes varies from 0.25 t o 30 ra 
(Fi g . 9.2) but more than 60% of the dykes are between 1 and 3 
metres wide and only a dozen or so are over 13 m wide. 
Walker (1960) has shown t h a t dyke i n t e n s i t y increases w i t h 
depth i n the lava p i l e i n eastern Iceland; the same phenomenon i s 
observed i n western Iceland. This i s best demonstrated i n the area 
from H v i t a r s i d a t o Nordurardalur. The dyke i n t e n s i t y i s small i n 
the innermost p a r t of H v i t a r s i d a but increases g r a d u a l l y towards 
the west (down i n t o the lava p i l e ) , u n t i l a sharp increase i n the 
dyke i n t e n s i t y occurs west of Nordurardalur. The dykes west of 
Nordurardalur form a swarm which i s associated w i t h the Reykjadalur 
c e n t r a l volcano. Saeraundsson (1974) has suggested t h a t f a u l t 
swarms associated w i t h recent c e n t r a l volcanoes are presumable 
surface manifestations of the dyke swarms found c u t t i n g the w e l l 
exposed volcanoes i n eastern Iceland (Walker, 1963). 
Most of the dykes cut the lava flows a t r i g h t angles, 
suggesting t h a t they were i n j e c t e d p r i o r t o the t i l t i n g of the lavas. 
Nearly a l l dykes, i f followed along the s t r i k e , are en echelon, 
Nakamura (1970) has described en echelon f i s s u r e s i n the neovolcanic 
zone i n the western Iceland, both e r u p t i v e and non-eruptive. The 
dykes have in t r u d e d most of the normal f a u l t s . Where the dyke 
i n t e n s i t y i s highest, the dykes only make up 4-5% of the country 
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F i g . 9.1 The dyke d i s t r i b u t i o n i n the Borgarfj(3rdur-
D a l i r area. The numbers ( 1 , 2a etc.) represent 
the various dyke groups r e f e r r e d t o i n the. 
t e x t . 
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F i g . 9,2 A histogram showing the dyke thickness 
d i s t r i b u t i o n i n the Bo r g a f j B r d u r - D a l i r 
area. 
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The dykes i n the area can be d i v i d e d i n t o f o u r main groups 
(Fig . 9.1), based on t h e i r d i r e c t i o n , geographical d i s t r i b u t i o n 
and age. 
(1) Group 1, NE-SW Trending Dykes 
This t r e n d dominates the area south of the Reykjadalur c e n t r a l 
volcano, and there i s considerable d e v i a t i o n w i t h i n t h i s group. 
The dyke i n t e n s i t y i s low, apart from the dyke sv/arm west of 
Nordurardalur, which runs from Hredavatn northeastwards, towards 
the Reykjadalur volcano. The swarm i s 5-7 km wide, but i t s extension 
towards the south and west has not been mapped i n d e t a i l . North 
of Mt. Baula the trend of the swarm changes from NE-SW to a more 
e a s t e r l y d i r e c t i o n ; f i n a l l y the dykes disappear a l t o g e t h e r f u r t h e r 
n o r t h . On the northern border of the swarm the dykes mingle 
w i t h the cone sheets from the volcano. The r e l a t i o n s h i p between 
the c^ykes and the cone sheets i s not c l e a r , but the cone sheets 
cut the dykes where they i n t e r s e c t . 
The swarm i s mainly confined t o the t h i c k - l a y e r e d series 
u n d e r l y i n g the volcano and a few dykes cut the o v e r l y i n g t h i n -
layered s e r i e s . The top of the t h i c k - l a y e r e d series and the lower 
h a l f of the t h i n - l a y e r e d s e r i e s were probably produced by eruptions 
from these dykes. 
Many of the dykes are p o r p h y r i t i c , mainly w i t h plagioclase 
and clinopyroxene phenocrysts, Gabbroic x e n o l i t h s are abundant 
i n some of the p o r p h y r i t i c dykes and the phenocrysts appear to 
have common o r i g i n w i t h the x e n o l i t h s ; a s i m i l a r phenomenon has 
been observed i n q u i t e a few cone sheets. 
(2) Group 2, N-S Trending Dykes 
This group can be d i v i d e d i n t o two subgroups, 2a and 2b, 
in 
Group 2 i s r a t h e r uniform and d e v i a t i o n from the average tre n d 
i s small. Group 2a i s found i n Haukadalur and HBrdudalur, forming 
a swarm whose tren d i s towards the Reykjadalur and Laugardalur 
c e n t r a l volcanoes. This subgroup i s confined t o the t h i c k - l a y e r e d 
s e r i e s and i s of the same age as Group 1. Group 2b i s found 
i n Nordurardalur and on G r j o t h a l s and a few i n the inner part 
of Haukadalur. These dykes are younger than the dykes of 
Group 2b and cut the t h i n - l a y e r e d s e r i e s , although t h e i r number 
decreases upwards. Eruptions through these dykes have probably 
produced the upper p a r t of the t h i n - l a y e r e d s eries i n the eastern 
p a r t of the region. Most of the dykes ai-e aphyric, 
(3)Group 3, E-W Trending Dykes 
These dykes dominate the area southeast and east of the 
Reykjadalur c e n t r a l volcano. The d e v i a t i o n from the main trend 
i s small, and most of the dykes are aphyric. The dykes are found 
i n the t h i n - l a y e r e d s e r i e s as f a r as the t h i c k sediments i n the 
Hol t a v o r d u h e i d i area and a few dykes cut these sediments as w e l l . 
These dykes are the youngest i n the area along w i t h some of 
Group 2b, and they always cut the cone sheets where they i n t e r s e c t . 
(4) Group 4, NW-SE Trending Dykes 
This i s a ra t h e r obscure dyke swarm i n the area southeast 
of Hredavatn, and extends as f a r as Skardsheidi. Most of these 
dykes are considerably more a l t e r e d than the other dykes i n the 
same area and they are, together w i t h the NE-SW tren d i n g dykes, 
the o l d e s t dykes i n the B o r j a r f j 5 r d u r area. 
R e l a t i o n s h i p s w i t h Tectonic H i s t o r y 
The dykes of Group 1 are p a r a l l e l t o the Reykjanes-Langjbkull 
neovolcanic zone and the dykes of Group 2 are p a r a l l e l to the 
now e x t i n c t LangjtJkull-Skagi volcanic zone. These two sets of 
dykes have thus been formed i n a volcanic zone nearly i d e n t i c a l 
t o the present zone, and probably located i n a s i m i l a r place, 
d r i f t i n g westwards l a t e r . Group 2 gives a clue t o t h i s d r i f t : 
2a i s o l d e r than 2b and i s about 10-15 km f u r t h e r west. The 
age d i f f e r e n c e i s less than 1 m.y., thus the spreading rat e i s 
i n the region 1 cm/year which i s i n good agreement w i t h the 
estimate of Talwani et a l . , (1971). The f i e l d w o r k suggests, 
however, t h a t the displacement of the dyke swarm was not a gradual 
process but involved a jump of about 10 km tov/ards the east. 
The only comparable features t o the E-W dyke swarm (Group 3) 
are a few E-W tr e n d i n g e r u p t i v e f i s s u r e s northwest of VatnajBkull 
(Kjartansson, 1965) and e a s t e r l y t r e n d i n g f a u l t s northwest of 
LangjOkull (Saemundsson, 1967). No f a u l t s coincide w i t h the dyke 
swarm i n the research area but a few f a u l t s i n the T h v e r a r h l i d area 
have an e a s t e r l y trend. A l l these phenomena occur where the 
change from NE-SW to N-S trends of the volcanic zones takes place 
o 
(around 65 N). These dykes and f a u l t s must be i n t e r p r e t e d as a 
te n s i o n a l f e a t u r e at r i g h t angles t o the main r i f t i n g . 
The dykes of Group 4 are undoubtedly r e l a t e d t o the Snaefellsnes 
f r a c t u r e zone and i n d i c a t e t h a t the f r a c t u r e zone was already a c t i v e 
i n T e r t i a r y times (Chapter 10). 
The d i r e c t i o n of dyke swarms i n the V e s t f i r d i r area and i n 
western Iceland can be d i v i d e d i n t o two p r i n c i p a l groups (Fig. 9.3). 
One has a general trend near NW-SW t o ENE-WSW and i s present i n 
BorgarfjOrdur, Snaefellsnes and i n the southern p a r t of V e s t f i r d i r . 
The other has a general trend near N-S and i s confined t o the 





F i g , 9.3 Known dyke swarms i n western Iceland and i n 
V e s t f i r d i r (heavy b a r s ) . The broken l i n e marks 
the boundary between the NE-SVV and N-S trending 
dykes. This boundary has migrated southeastward 
w i t h time. 
Sources : Ann e l l s , (1968), F r i e d r i c h , (1966), 
Hald e t a l . , (1971), K r i s t j a n s s o n et a l . , (1975), 
Sigurdsson, (1970a) and the author's observations. 
NE-SW t o N-S moves towards the southeast w i t h time (the broken 
l i n e on F i g . 9.3), i n d i c a t i n g t h a t the volcanic zones themselves 
have fo l l o w e d a s i m i l a r p a t t e r n , or more c o r r e c t l y t h a t the 




TECTONIC FMTURES AND TECTONIC HISTORY 
FIELD RETJVTIQNS 
The number of f a u l t s i n the area i s enormous ( F i g . 10.1) and 
they d i s p l a y a very i n t e r e s t i n g p a t t e r n . Not a l l f a u l t s have been 
mapped but F i g . 10.1 i s re p r e s e n t a t i v e of the region, except f o r 
the area southeast of the Reykjadalur c e n t r a l volcano, where poor 
outcrops prevented accurate mapping. There are also a great number 
of j o i n t s w i t h l i t t l e or no displacement, which are not shown on the 
map. 
The m a j o r i t y of f a u l t s observed i n the f i e l d are normal f a u l t s . 
I t can be d i f f i c u l t , however, t o d i s t i n g u i s h between a normal f a u l t 
and a t r a n s c u r r e n t f a u l t , because the sl i c k e n - s i d e s only show the 
e f f e c t s of the f i n a l movements. The only way t o i d e n t i f y a f a u l t as 
a t r a n s c u r r e n t f a u l t i s t o map c a r e f u l l y i t s i n t e r s e c t i o n w i t h dykes. 
I f two or more dykes, which are cut by a f a u l t , show a h o r i z o n t a l 
displacement then the f a u l t can be c a l l e d a tra n s c u r r e n t f a u l t ; 
however, t h i s i s o f t e n made d i f f i c u l t by the f a c t t h a t v e r t i c a l and 
h o r i z o n t a l movements can occur simultaneously on most f a u l t s . The d i p 
has also t o be taken i n t o account. Only two f a u l t s have so f a r been 
p o s i t i v e l y i d e n t i f i e d as t r a n s c u r r e n t f a u l t s ; one i s exposed i n 
K a l f a g i l i n Bjarnadalur, where fo u r dykes are o f f s e t by about 20-30 m. 
The other i s i n the pass between Bjarnadalur and Sudurardalur, where 
two dykes are o f f s e t by about 5-10 m. There are undoubtedly more 
f a u l t s of t h i s type, e s p e c i a l l y amongst the NW-SE tre n d i n g examples. 
One reverse f a u l t has been p o s i t i v e l y i d e n t i f i e d w i t h the 
p o s s i b i l i t y of at le a s t two others. I t i s b e a u t i f u l l y exposed on 
Bani i n Haukadalur ( F i g s . 10.2 and 10.3). The east w a l l of the f a u l t 
o o 
has been pushed about 50 m up the f a u l t plane, which dips 50 -60 
towards the east. This type of f a u l t has not been described i n 
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F i g . 10.1 Tectonic map of the B o r g a r f j o r d u r - D a l i r area. The two s o l i d 
l i n e s " represent the Hredavatn beds and the Holtavorduheidi 
sedimentary horizon. A, B and C are areas w i t h d i f f e r e n t 
f a u l t density. 
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F i g . 10.2 Bani i n Haukadalur. Three f a u l t s are exposed on the c l i f f -
face. The lig h t - b r o w n layer (a) i s a h y a l o c l a s t i t e con-
temporaneous to the Holtavorduheidi sedimentary horizon, 
A: a reverse f a u l t , B: a normal f a u l t , C: a normal f a u l t 
which was a c t i v e p r i o r t o the formation of the h y a l o c l a s t i t e , 
T]ie lava flows exposed belong t o the upper part of the 
Reykjadalur t h i n - l a y e r e d s e r i e s and the l a n d s l i p i s of 
p o s t - g l a c i a l age. 
f/TniinV 
/ 
/ / / / / / / / 
F i g , 10,3 Schematic sketch of F i g , 10.2. 
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Iceland before, and i t i n d i c a t e s a compressional stress f i e l d instead 
of the usual t e n s i o n a l s tress f i e l d of normal f a u l t s . This i s 
p u z z l i n g i n a region of otherwise obvious t e n s i o n a l t e c t o n i c s . 
The f a u l t s can be d i v i d e d i n t o four groups based on t h e i r 
d i f f e r e n t trends and geographical d i s t r i b u t i o n ( F i g . 10.1); as i n 
the case of the dykes, the groups tend t o overlap w i t h each other, 
(1) NE-Sff t r e n d i n g f a u l t s 
These occur only i n the area south of the Reykjadalur c e n t r a l 
volcano. The number of f a u l t s i s small i n the southeastern part of 
the area but they form a prominent f a u l t swarm i n the G r j o t h a l s area 
and west of Nordurardalur. The t r e n d changes from NE-SW t o ENE-WSW 
nort h along the G r j o t h a l s r i d g e . The f a u l t s belonging to t h i s group 
i n H v i t a r s i d a and Reykholtsdalur have been downthrown on t h e i r 
western side but i n the main swarm the downthrow can be on e i t h e r side. 
The s i z e of the throw i s from 1 t o 150 m but most are i n the region of 
10-50 m. The f a u l t planes are u s u a l l y perpendicular t o the d i p of 
the lava flows which suggest t h a t f a u l t i n g took place p r i o r t o the 
t i l t i n g of the lava flows. 
(2) N-S t r e n d i n g f a u l t s 
These are the only f a u l t s found n o r t h of the two c e n t r a l volcanoes, 
but they are found as f a r south as T h v e r a r h l i d ; very few are found south 
of Hredavatn ( F i g . 10.1). The f a u l t s form a swarm i n Haukadalur which 
cuts the Reykjadalur c e n t r a l volcano, and goes as f a r south as 
G r j o t h a l s . The throw of the f a u l t i s from a few metres to 100-200 metres. 
Most examples have nearly v e r t i c a l f a u l t planes (except f o r the reverse 
f a u l t ( s ) ) and f a u l t breccias are o f t e n missing ( F i g . 10.4). One of 
these f a u l t s i s a t y p i c a l reverse f a u l t ( F i ^ . 10.2 and 10.3), and a 
few others are probably reverse f a u l t s as w e l l . 
(3 ) NW-SE t r e n d i n g f a u l t s 
These f a u l t s are found i n the southern part of the research area. 
119 
F i g . 10.4 A f a u l t betv/een a t a l u s - b r e c c i a and a h y a l o c l a s t i t e i n s i d e 
the Reykjadalur caldera at the head of Reykjadalur. Note 
the remarkable l i n e a r i t y of the f a u l t and the absence of 
f a u l t b r e c c i a . 
r 
F i g . 10.5 The Dyngja f a u l t (arrowed), west of Hredavatn. The flows 
on the l e f t of the f a u l t s cannot be c o r r e l a t e d t o the flows 
on the r i g h t of the f a u l t . 
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and form a d i s t i n c t swarm west and southwest of Hredavatn, v/hich dies 
but g r a d u a l l y towards the southeast and disappears a l t o g e t h e r at the 
mouths of H v i t a r s i d a and Reykholtsdalur., The two t r a n s c u r r e n t f a u l t s 
found i n the area belong t o t h i s group, and also there i s the p o s s i b i l i t y 
of others being present. Both these t r a n s c u r r e n t f a u l t s show r i g h t -
l a t e r a l movement. The throws of the normal f a u l t s are generally 10 
to 75 m but a fev/ are greater. The throw of one of the f a u l t s could 
not be es t a b l i s h e d p r e c i s e l y but i t exceeds 250-300 m.. This f a u l t 
has been named the Dyngja f a u l t ( F i g . 10.5); when traced towards the 
east from Dyngja i t disappears suddenly underneath the volcanics 
which were erupted i n s i d e the graben (underneath the.Hredavatn sedi-
mentary h o r i z o n ) . The f a u l t planes are mostly v e r t i c a l . 
(4) E-W t r e n d i n g f a u l t s 
A few of these f a u l t s have been found i n the T h v e r a r h l i d area 
and very l i t t l e i s known about them; they could possible be part of 
the NW-SE t r e n d i n g f a u l t swarm. 
Tectonic r e l a t i o n s h i p s 
As i n the case of the dykes ( F i g . 9.3), a good c o r r e l a t i o n between 
the trends of the a c t i v e volcanic zones and the trends of the f a u l t s , 
i n the research area, i s present. The f a u l t s of Group 1 are p a r a l l e l 
t o those of the Reykjanes-LangjSkull neovolcanic zone and the f a u l t s 
of Group 2 are p a r a l l e l t o the f a u l t s and f i s s u r e s of the area n o r t h 
of L a n g j o k u l l and H o f s j o k u l l . 
The f a u l t s of Group 4 have been p a r t l y d e a l t w i t h i n Chapter 9, 
and they could e i t h e r be r e l a t e d t o an E-W f e a t u r e which i s present at 
about 65°N, across c e n t r a l I celand, or they could be a part of the N\V-SE 
tr e n d i n g f a u l t s , bending more towards the east. 
The MV-SE tr e n d (Group 3) i s part of the so-called Snaefellsnes 
" f r a c t u r e " zone (Sigurdsson, 1970b; Ward, 1971) and has been explained 
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as the r e s u l t of d i f f e r e n t spreading rates n o r t h and south of the zone 
(Sigurdsson, 1970b); i t has also been regarded as a r e l a t i v e l y young 
phenomenon. 
The age r e l a t i o n s between the various f a u l t groups and w i t h i n 
each group are complicated but they shed l i g h t on the o r i g i o n of the 
f a u l t systems and on the volcano-tectonic h i s t o r y of western Iceland, 
The Hredavatn beds and the Holtavorduheidi sedimentary horizon play 
a major r o l e i n the understanding of the t e c t o n i c s of the area, because 
the f a u l t i n t e n s i t y changes across both of them. The southern part of 
the research area can be d i v i d e d i n t o t h r ee d i s t i n c t regions, each w i t h 
a d i f f e r e n t f a u l t p a t t e r n and f a u l t density ( F i g . 10.1), 
Region A has the highest f a u l t d e n s i t y and the f a u l t s form a 
mosaic p a t t e r n of NE-SW and NW-SE tr e n d i n g f a u l t s (a few N-S f a u l t s are 
also p r e s e n t ) . A study of the f a u l t s i n the graben, west of Hredavatn, 
has revealed t h a t f a u l t s of both trends were a c t i v e simultaneously and 
o f t e n a f a u l t o f one t r e n d bends and merges w i t h a f a u l t of the other 
t r e n d . The number of f a u l t s , both NE-SW and MV-SE, decreases d r a s t i c a l l y 
across the Hredavatn beds. The only p l a u s i b l e explanation i s t h a t the 
f a u l t s disappear down-dip, underneath the Hredavatn beds, proving t h a t 
the m a j o r i t y of these f a u l t s were a c t i v e befoi-e the Hredavatn beds were 
l a i d down. 
Region B, which s t r a t i g r a p h i c a l l y o v e r l i e s the Hredavatn beds, 
has a considerably lower f a u l t d e n s i t y . I n p a r t i c u l a r , the number of 
NW-SE f a u l t s has dropped d r a s t i c a l l y . However, the number of N-S 
f a u l t s increases markedly eastwards. The NE-SW tr e n d i n g f a u l t s decrease 
i n number towards the n o r t h and tend t o have a more e a s t e r l y t r e n d ; 
they are not present n o r t h of Baula. The NW-SE tr e n d i n g f a u l t s also 
decrease i n number towards the n o r t h . Most of the NW-SE and N-S tr e n d i n g 
f a u l t s disappear underneath the Holtavorduheidi sedimentary horizon. 
Thus the N-S f a u l t s appear to be c l o s e l y r e l a t e d i n time t o the 
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a c t i v i t y of the Reykjadalur c e n t r a l volcano. The f a u l t p a t t e r n 
resembles the f a u l t swai-ms of the North-Langjokull and H o f s j o k u l l 
region (Walker, 1975a), which are centred upon the two c e n t r a l 
volcanoes there ( H v e r a v e l l i r and K e r l i n g a f j 5 1 1 volcanoes, F i g . 2,1), 
I n region C,.the MV-SE t r e n d i n g f a u l t s are absent and N-S tr e n d i n g 
f a u l t s are r a r e . The main c h a r a c t e r i s t i c of region C i s the evenly 
d i s t r i b u t e d N12-SW t r e n d i n g f a u l t s ; t h e i r number increases s l i g h t l y 
south, tov/ards the Skardsheidi c e n t r a l volcano. 
I n s p i t e of t h e i r apparent age, the a c t i v i t y of the NW-SE tr e n d i n g 
f a u l t s has continued up t o recent times, though decreasing s t e a d i l y i n 
i n t e n s i t y . One of the f a u l t s , the Brekka f a u l t , has been a c t i v e 
d u r i n g P o s t g l a c i a l times as can be seen i n a marine te r r a c e i n Thver-
a r h l i d . 
The h i s t o r y of the n o r t h e r n p a r t of the research area i s d i f f e r e n t 
from the southei-n p a r t , and the N-S t r e n d i n g f a u l t s dominate i t . As 
a r u l e , the f a u l t s get younger towards the east. I n the outer part 
of Haukadalur the N-S t r e n d i n g f a u l t s cut the t h i c k - l a y e r e d series but 
not the o v e r l y i n g t h i n - l a y e r e d s e r i e s . Further east, hov/ever, the 
f a u l t s cut the t h i n - l a y e r e d s e r i e s as w e l l . Some of the f a u l t s have 
obviously been a c t i v e f o r a long time, making s t r a t i g r a p h i c a l work 
d i f f i c u l t . On Bani i n Haukadalur, one of the f a u l t s disappears.midway 
up the face of the c l i f f ( F i g s , 10.2 and 10.3), but two others cut 
the whole p i l e . A few N-S tr e n d i n g f a u l t s cut the S n j o f j o l l s eries 
which i s about 1-2 m.y. o l d , showing t h a t these f a u l t s have been a c t i v e 
more or less continuously from at l e a s t 6.0 m.y. u n t i l about 1.0 m.y. 
ago. The a c t i v i t y has, however, gra d u a l l y moved eastwards w i t h time. 
The change from NE-SW t r e n d i n g f a u l t s t o N-S tr e n d i n g f a u l t s i s 
very s i m i l a r t o t h a t of the dykes ( F i g . 9.3), emphasizing the close 
r e l a t i o n s h i p beyween the f a u l t s and the dykes. 
T i l t i n g ( F i g . 2.2) i n the area i s as complicated as the f a u l t i n g . 
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The axis of the Borgarnes a n t i c l i n e runs northeast from Borgarnes 
to V i k r a v a t n where i t disappears dov/n-dip underneath the Hredavatn 
beds. The o v e r l y i n g , s e r i e s have a n o r t h e a s t e r l y s t r i k e v/hich bends 
around t o a n o r t h w e s t e r l y s t r i k e from Nordurardalur t o the Laugardalur 
c e n t r a l volcano ( F i g , 2,2), The c r e s t of the a n t i c l i n e i s composed of 
a few small, p a r a l l e l a n t i c l i n e s and synclines forming an a n t i c l i n o r i u m . 
The flows d i p from the a n t i c l i n o r i u m towards the east, t o the a c t i v e 
neovolcanic zone, and westwards to the syncline i n the Setberg area, 
which represents a T e r t i a r y volcanic zone. These synclines have been 
explained as a r e s u l t of sagging i n s i d e the volcanic zones (Walker, 
1960). The Reykjadalur c e n t r a l volcano i s s i t u a t e d i n a bowl, where 
the u n d e r l y i n g s e r i e s dips tov/ards the volcano from the N, W and S 
and the same i s tz-ue f o r the A l f t a f j o r d u r c e n t r a l volcano. 
The t i l t i n g i s a continuous process which takes place as the 
lava p i l e ( o r more c o r r e c t l y the' p l a t e ) moves away from an a c t i v e r i f t 
zone, the t i l t i n g being caused by sagging i n the volcanic zone and 
erosion outside the zone (response t o i s o s t a t i c movements). 
The rocks at the c r e s t of the Borgarnes a n t i c l i n e are about 13.2 
m,y. (Moorbath et a l , , 1968) but the rocks o v e r l y i n g the Hredavatn beds 
are about 7,0 m.y, o l d . A "gap" of 5-6 m,y, i s therefore suggested 
i n midwest Ic e l a n d , which e i t h e r i s a genuine time gap or i s caused by 
an extremely slow e f f u s i o n r a t e . The d i f f e r e n c e i n the f a u l t density 
across the Hredavatn beds supports the former explanatibn. The main 
a c t i v i t y of the NIV-SE t r e n d i n g f a u l t s took place i n t h i s time i n t e r v a l 
and they undoubtedly formed a f r a c t u r e zone, w i t h r i g h t - l a t e r a l movement. 
The f a u l t i n g decreased r a p i d l y 7.0 m.y, ago and has been vanishingly 
small during the last4.. 5 m.y. The MV-SE t r e n d i n g f a u l t s are present 
i n the whole of Snaefellsnes but no d e t a i l e d mapping has been c a r r i e d 
out there. Thus very l i t t l e i s a c t u a l l y known about the extent and age 
r e l a t i o n s of the f a u l t s west of the research area. 
1 2 OJ 
F i g . 10.6 shows a rough o u t l i n e of the t e c t o n i c h i s t o r y of 
western Iceland, From the s t r i k e and d i p r e l a t i o n s and from the 
l o c a t i o n of c e n t r a l volcanoes along Snaefellsnes (Figs. 2.2 and 
2,3) one can conclude t h a t an a c t i v e volcanic zone extended west-
ward from the main volcanic zone and probably j o i n e d another 
n o r t h e a s t - t r e n d i n g volcanic zone i n the Setberg area about 7-8 m,y. 
ago ( F i g , 10.6a). The n o r t h e a s t - t r e n d i n g Snaefellsnes zone became 
e x t i n c t some time between 7 and 5 m.y. ago. The zone l i n k i n g i t 
t o the m.ain zone became less a c t i v e and died out about 5 m.y. ago 
( F i g , 10.6b), This was f o l l o w e d by a very low l e v e l of volcanic 
a c t i v i t y i n the main vol c a n i c zone and the subsequent accumulation 
of sediments ( i . e . H o l tavorduheidi sedimentary h o r i z o n ) . The 
a c t i v i t y increased l a t e r (approx. 4-4.5 m.y. ago) and has been 
more or less constant since ( F i g . 10.6c). 
The v o l c a n i c a c t i v i t y i n the southern p a r t of Bo r g a r f j o r d u r 
during the i n t e r v a l from 7-8 m.y. ago t o about 4-4.5 m.y, ago ( F i g , 
10.6a,b) was f a r less than f u r t h e r n o r t h , and probably the zone 
terminated towards the south; however t h i s part of the zone became 
more and more a c t i v e as time passed and probably extended i t s e l f 
f u r t h e r and f u r t h e r south ( F i g . 10.6c,d). 
Between 1 and 2 m.y, ago ( F i g . 10.6d) the a c t i v i t y of the north-
ern part of the main zone ( L a n g j b k u l l t o Skagi) decreased r a p i d l y and 
i t became e x t i n c t ( or probably dormant) about 0.7 m.y, ago (Everts 
et a l . , 1972). At the same time, volcanic a c t i v i t y was revived on 
the Snaefellsnes peninsula (Sigurdsson, 1970a) and from there an 
a c t i v e transverse zone s t r e t c h e d eastwards ( S n j o f j o l l ) and j o i n e d the 
main v o l c a n i c zone around 65°N ( L a n g j b k u l l , F i g . 10.6d). The c e n t r a l 
p a r t of t h i s zone ceased t o e x i s t at the end of the Matuyama epoch, 
but the a c t i v i t y has continued up t o recent times on Snaefellsnes. 
F i g . 10.6 
A rough o u t l i n e of the tectonic h i s t o r y of western Iceland. The s o l i d 
c i r c l e s represent volcanoes a c t i v e at the s p e c i f i e d time. Blue: 
decreasing a c t i v i t y , green: normal a c t i v i t y , red: increasing a c t i v i t y 
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CHAPTER 11 
THERMAL METAMORPHISM OF THE LAVA PILE 
Secondary m i n e r a l i z a t i o n i n the T e r t i a r y p i l e 
As the lava flows were b u r i e d and sagged down (due t o loading 
i n s i d e an a c t i v e r i f t i n g zone), they undenvent hydrothermal a l t e r a t i o n , 
and secondary minerals such as z e o l i t e s , c a l c i t e and s i l i c a minerals 
were p r e c i p i t a t e d i n c a v i t i e s and vesi c l e s of the flows. The type 
of mineral assemblage formed, depends on the temperature and 
chemistry of the flows; the o l i v i n e - r i c h flows are r i c h e r i n z e o l i t e s 
than the more s i l i c a - r i c h flows and the z e o l i t e type d i f f e r s also 
from one flo w t o another. The s i l i c a - p o o r z e o l i t e s are common i n the 
o l i v i n e - r i c h flows, whereas s i l i c a - r i c h z e o l i t e s , c a l c i t e and s i l i c a 
minerals c h a r a c t e r i s e the saturated t h o l e i i t e s (Walker, 1960). 
During the present i n v e s t i g a t i o n the most s i g n i f i c a n t minerals 
were i d e n t i f i e d i n hand specimen except f o r the n e e d l e - l i k e z e o l i t e s 
(thomsonite, mesolite and s c o l e c i t e ) which had t o be i d e n t i f i e d i n 
the l a b o r a t o r y . The most conmion z e o l i t e s are chabazite, analcime, 
thomsonite, s t i l b i t e , and less f r e q u e n t l y s c o l e c i t e , mesolite and a 
range of other minerals l i k e c a l c i t e , chalcedony, opal, chlorophaeite, 
c e l a d o n i t e e t c . 
Walker (1960) has studied secondary m i n e r a l i z a t i o n i n the basalt 
p i l e i n eastern Iceland and he found that the amygdale minerals had 
a well-marked zonal d i s t r i b u t . i o n . • 
The z e o l i t e zones i n B o r g a r f j o r d u r are s i m i l a r to those i n eastern 
Iceland ( F i g , 11,1) but the z e o l i t e - f r e e zone at the top of the p i l e 
i s missing a l t o g e t h e r . The zones exposed i n the research area are the 
chabazite-thomsonite zone, the analcime zone, and the top of the 
s c o l e c i t e - m e s o l i t e zone. The s c o l e c i t e - m e s o l i t e zone i s exposed on 





F i g . 11.1 A s e c t i o n across the Borgar.f jordut-area showing the 
z e o l i t e zonal p a t t e r n . Blue, chabazite-thomsonite 
zone; green, analcime zone; red, s c o l e c i t e -
mesolite zone. 
towards the Reykjanes-Langjokull neovolcanic zone but. cut the 
s t i ^ a t i f i c a t i o n of the lava p i l e ; the m i n e r a l i z a t i o n i s thus mainly 
p o s t - t i l t i n g . There are two d i s t i n c t breaks i n t l i e gentle dip of 
the zones, one on the western slopes of S i d u f j a l l and i n T h v e r a r h l i d , 
and the other i n Norduardalur and G r j o t h a l s . The former break 
coincides w i t h the t h i c k sediments which are of the same age as the 
H o l t a v o r d u h e i d i sedimentary horizon. This break i s present f u r t h e r 
south i n B o r g a r f j o r d u r and may be explained as a r e s u l t of the east-
ward t e r m i n a t i o n of the r a t h e r d i f f u s e N\V-SE dyke swarm (K. Saemundsson, 
pers. comm.). The other break i s p a r t l y due t o the H a l l a r m u l i c e n t r a l 
volcano which s l i g h t l y domes the z e o l i t e zones but i s mainly due to 
the high d e n s i t y of dykes, both NE-SW and MV-SE tre n d i n g . 
According t o Walker (1960) the o r i g i n a l top of the lava p i l e i s 
about 600 m above the top of the analcime zone. The o r i g i n a l top of 
the p i l e i n H v i t a r s i d a was thus about 700 m above the v a l l e y f l o o r 
(800 m a . s . l . ) and about 1200 m (1300 m a.s.l.) i n Nordurardalur. 
The c e n t r a l volcanoes present anomalous secondary m i n e r a l i z a t i o n 
as compared w i t h the plateau b a s a l t s around them. The index minerals 
f o r the c e n t r a l volcanoes are laumontite and epidote, but many more 
are present and s i l i c a and c a l c i t e are found i n great abundance. The 
secondary m i n e r a l i z a t i o n p a t t e r n s of the three c e n t r a l volcanoes 
described i n t h i s t h e s i s are v a r i a b l e due t o t h e i r d i f f e r e n t g e o l ogical 
h i s t o r y . 
1. H a l l a r m u l i c e n t r a l volcano. No high-grade z e o l i t e s are found 
but the low-grade zones are r a i s e d by about 100 m. 
2, Laugardalur c e n t r a l volcano. No high-grade z e o l i t e s are found 
outside the caldera, and the low-grade z e o l i t e zones r i s e s l i g h t l y 
towards the caldera rim. Inside the caldera laumontite and a small 
amount of epidote occur i n the i g n i m b r i t e u n i t at the bottom of the 
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caldera f i l l i n g , 
3. Reykjadalur c e n t r a l volcano. A conspicuous zoning of high-grade 
minerals i s observed around the volcano ( F i g . 11.2a,b). The chabazite-
thomsonite, analcime, and s c o l e c i t e - r a e s o l i t e zones s t a r t to r i s e 
about 7-8 km outside the caldera rim, but they have not been detected 
i n the near v i c i n i t y of the r i m because the t h i n t h o l e i i t e flows do 
not c o n t a i n any secondary minerals, except f o r c a l c i t e and s i l i c a 
minerals due t o the t h o l e i i t i c nature of the flows. Laumontite i s 
the most c h a r a c t e r i s t i c secondary mineral around the volcano and i t 
s t a r t s t o appear where the cone sheets exceed 20% of the lava p i l e , 
forming an annuler zone about 15 km i n diameter. The centre of the 
volcano i s occupied by an epidote zone, which has a diameter of 10 km, 
but garnet was not found. The epidote i s confined t o areas where the 
cone sheets are densest (20-50%). 
The caldera f i l l i n g has been subjected t o extensive hydrothermal 
a c t i v i t y , but because of the t h o l e i i t i c nature of the rocks lov/-grade 
z e o l i t e s are rare i n the upper p a r t s of the f i l l i n g , thus making i t 
impossible t o e s t a b l i s h the low-grade z e o l i t e zones. I n the centre 
of the caldera, a depression i n the laumontite and epidote zones occurs 
( F i g . 11.2b), which i s caused by a lower density of cone-sheet occurrence. 
I t i s obvious from the evidence presented t h a t the high-grade 
m i n e r a l i z a t i o n i s c l o s e l y r e l a t e d to the i n t r u s i v e a c t i v i t y . No 
i n t r u s i v e s are observed i n the H a l l a r m u l i c e n t r a l volcano and no 
high-grade secondary minerals e i t h e r . I n the Laugardalur volcano the 
occurrences of laumontite and epidote are scarce and i n t r u s i v e s are 
also scarce. The Reykjadalur c e n t r a l volcano, on the other hand, does 
di s p l a y a great v a r i e t y of i n t r u s i v e s and consequently high-grade 
m i n e r a l i z a t i o n i s extensive. 
Present hot springs i n the research area 
Most of the hot springs a c t i v e at the present time are shown on the 
12S 
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F i g . 11.2a D i s t r i b u t i o n of laumontite and epidote i n the Reykjadalur 
c e n t r a l volcano. 
tr.QS.11 




4 0 0 -
3 0 3 -
2C0- - 7 ^ 
10C-
0 
L 4 + + -</' 
5 Km a; 
-7 + + + 
V + + 
^ 
Fig. 11.2b A sec t i o n through the Reykjadalur c e n t r a l volcano, showing the metamorphic zones around i t . Blue, chabazite-thomsonite 
zone; green, analcime zone; red, s c o l e c i t e - m e s o l i t e zone; 
brown, laumontite zone; yellow, epidote zone. 
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Geological Map (compiled from unpublished d a t a - f i l e s of the 
Department of N a t u r a l Heat of the N a t i o n a l Energy A u t h o r i t y ) ; they 
are s c a t t e r e d over a wide area east of the f^ordura r i v e r and south 
of H o l t a v b r d u h e i d i , w i t h the greatest concentration i n l l v i t a r s i d a and 
Reykholtsdalur. Two hot springs occur outside t h i s area, both being 
c o n t r o l l e d s t r u c t u r a l l y by the now-extinct c e n t r a l volcanoes; one 
occurs j u s t i n s i d e the western caldera r i m of the Reykjadalur c e n t r a l 
volcano and the other j u s t outside the northern caldera rim of the 
Laugardalur c e n t r a l volcano. I n the case of these two hot springs the 
meteoric water has been able t o percolate s u f f i c i e n t l y deep, despite 
the high secondary m i n e r a l i z a t i o n , and i t probably r i s e s along f a u l t s 
or, more l i k e l y , along the cone sheets t o the surface near the 
caldera rims. 
A l l the other hot springs i n the research area are of a d i f f e r e n t 
s t r u c t u r a l o r i g i n . The temperatures tend t o r i s e eastwards from 
Nordura r i v e r t o Reykholtsdalur, although some exceptions e x i s t ; the 
q u a n t i t y of water increases eastwards. I f the geothermal gradient i s 
i n the range 60°-100°C/km, the meteoric water must have reached a depth 
of 1 t o 2 km t o reach a temperature of 100°C, as shown by many of the 
springs i n Reykholtsdalur. A very good a q u i f e r ( s ) and possible, a b i g 
r e s e r v o i r ( s ) at depth are needed t o e x p l a i n the great q u a n t i t i e s of 
water r i s i n g t o the surface ( f o r example, about 170 l i t r e s / s e c reach 
the surface i n the Deildartunga hot s p r i n g ) . Sedimentary beds, 
which are abundant i n the lava p i l e west of Reykholtsdalur, may provide 
the necessary aquifer r a t h e r than the dense b a s a l t s . The sediments are 
f a r more porous than the lava flows and thus can carry f a r greater 
q u a n t i t i e s of water. 
F i g , 11.3 shows a schematic s e c t i o n through the B o r g a r f j b r d u r area, 
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the v e r t i c a l s t r i p e s i s t h a t part of the lava p i l e r i c h e s t i n 
sedimentary beds, i n the lowlands of B o r g a r f j o r d u r (from 
Hredavatn beds t o the Holtavorduheidi sedimentary ho r i z o n ) . The 
o 
average d i p i s about 6 and no c o r r e c t i o n s are made f o r normal f a u l t i n g . 
I f we assume a thei-mal gradient of 100°C/km, v/hich i s probably too 
high f o r an ordinary T e r t i a r y p i l e , the expected temperature range 
of the water i n the sediment-rich zone can be c a l c u l a t e d . Water 
reaching the surface i n Deildartunga and i n Reykholt has been derived 
from a depth of 1 km or more. 
Most o f the hot springs l i e on N-S t r e n d i n g lineaments. Tb.ese 
lineaments are N-S t r e n d i n g normal f a u l t s or, i n some cases, dykes, 
which probably cut the a q u i f e r s at depth a l l o w i n g the hot water t o 
reach the surface. These f a u l t s are probably r e l a t i v e l y young features, 
and could perhaps be of s i m i l a r age t o the normal f a u l t s i n the S n o f j o l l 
area which are as young as 1.5 m.y., or even younger. 
Deuterium measurements show t l i a t the water i n the hot springs 
i n Reykjadalur has i t s o r i g i n i n the L a n g j o k u l l area, i . e . i n the 
r i f t i n g zone (Arnason and Sigurgeirsson, 1968). The water percolates 
t o depth along the open cracks and f i s s u r e s i n the r i f t i n g zone and i t s 
temperature increases. I t subsequently flows l a t e r a l l y away from the 
r i f t i n g zone westwards, and i s trapped i n the sedimentary rocks. 
The hot water flows upwards ( F i g . 11.3) w i t h i n the sedimentary 
horizon , u n t i l the a q u i f e r i s cut by the f a u l t s , these a l l o w i n g the water 




C l a s s i f i c a t i o n 
— — — — — / 
I n the past, a large number of rock names were assigned t o 
rocks s i j i i i l a r t o the ones described i n t h i s study, but since 
Carmichael (1964) published h i s account of the petrology of the 
Thingmuli c e n t r a l volcano the nomenclature has been s i m p l i f i e d . 
Carmichael's c l a s s i f i c a t i o n i s based predominantly on p e t r o l o g i c a l 
f e a t u r e s , but i t f i t s the chemistry of the rocks remarkably w e l l . 
Since then both Sigurdsson (1970a) and Gronvold (1972) have followed 
the same l i n e , w i t h minor v a r i a t i o n s . 
The author has adopted the c l a s s i f i c a t i o n used by Grbnvold 
(1972), f o r the intermediate and acid rocks, but has changed the 
term i c e l a n d e s i t e t o i c e l a n d i t e t o show consistency w i t h previous 
work. 
I n Table 12.1 the names used by Carmichael (1964), Sigurdsson 
(1970a), Gronvold (1972) and the present author are l i s t e d , along w i t h 
t h e i r a p p r o p r i a t e s i l i c a i n t e r v a l s . 
A l l the rocks i n the research area except f o r the S n j o f j o l l series 
and the Snaefellsnes v o l c a n i c s , belong t o the t h o l e i i t i c trend ( F i g . 
12.1). The t h o l e i i t e s are d i v i d e d i n t o two groups, o l i v i n e t h o l e i i t e s 
and quartz t h o l e i i t e s , by using the ClPW-normative c l a s s i f i c a t i o n of 
Yoder and T i l l e y (1962). This d i v i s i o n i s g r e a t l y a f f e c t e d by the 
o x i d a t i o n s t a t e of the samples, as the o x i d a t i o n s h i f t s the samples 
towards the quartz corner of the Di-Ol-Pl-Qz tetrahedron. Secondary 
o x i d a t i o n takes place d u r i n g and a f t e r magma e r u p t i o n , and i t 
continues as the flow sags down under the load of l a t e r volcanics. 
At depth the rocks undergo hydrothermal o x i d a t i o n , which i s responsible 
f o r most of the post-magmatic o x i d a t i o n . The T e r t i a r y basalts are 
Carmichael 
13 
B a s a l t i c 
andesite 
Andesite 
( I c e l a n d i t e ) 
R h y o l i t e 
52.7-55.9 59.3-64.5 69.4-75.7 
Sigurdsson 
B a s a l t i c 
andesite 
I c e l a n d i t e Rhj'odacite R h y o l i t e 
53-57 60-67 66-70 68-75 
Gronvold 
B a s a l t i c 
i c e l a n d e s i t e 
I c e l a n d e s i t e Dacite R h y o l i t e 
52-56 56-63 63-69 69-76 
Present work 
B a s a l t i c 
i c e l a n d i t e 
'Icelandite Dacite R h y o l i t e 
52-56 56-63 63-69 69-77 
Table 12.1 Rock names used by Carmichael (1964), Sigurdsson (1970a), 
GronvQld (1972) and by the author w i t h t h e i r appropriate 
s i l i c a values. 
APHYRIC OLIVINE THOLEI ITEs 
PORPHYftlTiC OLIVINE THOIE I ITES 
APHYSIC QUARTZ T H O L E I I T E S 
P 0 R P H / R I 7 I C OUARTZ I H O L E I H E S 
APHTRJC a iEF£RENTIATES FROM THE REYKJADALUR C.V. 
PORPKYR " " 
a APHYRIC D I F F E R E N I I A I E S FROM THE HAUAflMUL) C.V. 
a P C R P H Y R " " 
A O t F F E R E K I i A l E S FROM THE t-AUCARDALUR C V. 
Quaternary Volconics 
X B A S A L T S .= ROM THE «EYKJAf.'ES-LANGJCIKULL 
fJEOVOLCANIC ZONE 
T B A S A L T S FROM THE S N J O F J C L L S E R I E S 
S B A S A L T S F.ROM THE SN£FELLS(;ES . .FRACTURE ZONE ' 
Nafi • Kf 
F i g . 12.1 T e r t i a r y , l a t e Quaternary and Recent samples from the Borgarf j o r d u r - D a l i r area p l o t t e d on an .^ FM diagram, and 
compared w i t h the trends f o r Skaergaard (Wager, 1960) 
Thingmuli and the Cascade province (Carmichael, 1964).. 
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nearly s i l i c a s aturated, and a s l i g h t increase i n o x i d a t i o n can s h i f t 
samples from being o l i v i n e normative, t o being quartz normative. 
The o x i d a t i o n of the T e r t i a r y samples increases s l i g h t l y w i t h 
increased age, and t o avoid the e f f e c t s of t h i s v a r i a t i o n i n o x i d a t i o n 
the norms were c a l c u l a t e d by using a f i x e d Fe 0 /FeO r a t i o . The 
Z 3 
r a t i o used (Fe 0^/FeO - 0.25) i s a rounded f i g u r e based on 54 f r e s h , 
wet chemically analysed p o s t g l a c i a l samples from Iceland (Jakobsson, 
1972). 
The term p i c r i t e i s used i n t h i s t h e s i s f o r o l i v i n e - r i c h , 
compound lava flows. 
The c l a s s i f i c a t i o n of the a l k a l i c rocks i s complicated, and the 
t r a n s i t i o n a l nature of many of the l a t e Quaternary and Recent rocks makes 
c l a s s i f i c a t i o n even more d i f f i c u l t . Jakobsson (1972) used the 
Hawaiian d i v i s i o n l i n e on the a l k a l i / s i l i c a diagram to d i s t i n g u i s h 
between t h o l e i i t i c and a l k a l i n e b a s a l t s . According to t h i s class-
i f i c a t i o n many samples, which are t r a n s i t i o n a l i n nature, would be 
c l a s s i f i e d as a l k a l i n e b a s a l t s ( l i k e the S n j o f j o l l series and some of 
the samples from the Nordurardalur-Langavatnsdalur area; F i g , 12,2), 
In t h i s study the rocks belonging t o the S n j o f j o l l series and the 
l a t e Quaternary and Recent rocks from the Nordurardalur-Langavatnsdalur 
area, w i l l be c l a s s i f i e d as t r a n s i t i o n a l , because they are ne i t h e r 
t r u e t h o l e i i t e s nor t r u e a l k a l i n e b a s a l t s . The rocks from the 
A l f t a f j o r d u r area are, however, t r u e a l k a l i n e b a s a l t s , and are 
c l a s s i f i e d as such. They cover the range of a l k a l i n e basalts and 
hawai i t e s , and although the boundary between them i s not c l e a r l y 
marked, the samples which c o n t a i n 2. 500 ppm Sr. and > 20 ppm Rb, are 
c l a s s i f i e d as haw a i i t e s , because no other p r a c t i c a l method i s 
a v a i l a b l e . 
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estimate the co m p a r a b i l i t y of the whole rock analyses presented 
here, seven wet chemically analj'sed samples covering the compositional 
range from b a s a l t s t o r h y o l i t e s , were run as unknowns on the Durham 
XRF. The seven samples were k i n d l y made a v a i l a b l e by Dr. K. 
GrBnvold. The r e s u l t s are shown on F i g . 12.3 along w i t h the r e s u l t s 
obtained from a run of the same samples using the B r i s t o l XRF (where 
they were used as standards and then re-run as unknowns). A very good 
c o r r e l a t i o n was obtained f o r SiO , CaO, Na 0 and K 0, and moderately 
good r e s u l t s f o r i r o n , TiO , and MnO, but rath e r poor r e s u l t s f o r 
A l 0 , MgO (above 5%) and P 0 (above 0.5%), were obtained. 
Rock types 
Most of the rocks from the research area are f i n e grained, and 
accurate o p t i c a l determinations of the mineral compositions was not 
f e a s i b l e . The f e l d s p a r minerals were determined using Michel-Levy's 
method and by determining t h e i r 2V's and o p t i c a l signs. F a y a l i t i c 
o l i v i n e , from the intermediate and r h y o l i t i c rocks, was d i s t i n g u i s h e d 
from the ord i n a r y o l i v i n e i n the basic rocks by i t s smaller 2V. 
Ferro a u g i t e was d i s t i n g u i s h e d from augite by i t s ploechroism and 
hypersthene from augite by i t s p a r a l l e l e x t i n c t i o n and d i f f e r e n t 
o p t i c s i g n . A l l the T e r t i a r y specimens are a l t e r e d t o a c e r t a i n 
e x t e n t , and some of the rocks o r i g i n a l l y analysed were so a l t e r e d 
t h a t they were omitted from t h i s study. 
• Phenocrysts are present i n most specimens, but i n varying amounts 
from a few c r y s t a l s t o 50-60% of each t h i n s e c tion. The main phenocryst 
phase i s p l a g i o c l a s e , which i s present i n a l l rock types. The c r y s t a l s 
range i n s i z e from t i n y microphenocrysts t o 2-3 cm megacrysts (which 
are probably cognate xenocrysts r a t h e r than phenocrysts). I n most 
samples the pl a g i o c l a s e phenocrysts occur i n glomerophyric c l u s t e r s . 
O l i v i n e and clinopyroxene ( a u g i t e t o f e r r o a u g i t e ) are not so common 
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F i g , 12.3 Comparison of XRF and wet chemical analyses of samples 
covering the compositional range from basalts t o r h y o l i t e s . 
The diagonal l i n e s represent a perf e c t c o r r e l a t i o n . 
Table 12,2 
The p e t r o l o g i c a l features of the analysed samples from the Borgarfjbrdur-
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as phenocrysts, but euhedral magnetite i s common as a microphenocryst 
i n the d i f f e i - e n t i a t e d i^ocks. 
Each rock type w i l l be described separately f o r convenience, 
and the coarse grained p l u t o n i c rocks w i l l be described i n a separate 
se c t i o n . The c h a r a c t e r i s t i c f eatures of each group w i l l . b e described, 
but not every specimen (only common exceptions w i l l be mentioned). 
Table 12.2 shov/s the relevant p e t r o g r a p h i c a l data f o r the analysed 
rocks. 
T e r t i a r y volcanics 
(a) O l i v i n e t h o l e i i t e s 
The o l i v i n e t h o l e i i t e s can be d i v i d e d i n t o two p r i n c i p a l groups; 
p i c r i t e s ( o l i v i n e cumulative r o c k s ) , and ordinary o l i v i n e t h o l e i i t e s 
( a p h y r i c t o p l a g i o c l a s e - p h y r i c ) . Both groups d i s p l a y an i n t e r g r a n u l a r 
t e x t u r e w i t h several specimens showing subophitic t o o p h i t i c t e x t u r e . 
The p i c r i t e s occur as compound lava flows and, because of t h e i r 
high o l i v i n e content, they are more s e n s i t i v e to hydrothermal 
a l t e r a t i o n than any other rock type, and thus only one sample was 
f r e s h enough f o r analysis (no, 13, F i g , 12,4). I t contains a large 
amount of b i g , euhedral t o subhedral o l i v i n e phenocrysts, along w i t h 
a few au g i t e and occasional bytownite, (An ) phenocrysts. The 
70~80 
o l i v i n e c r y s t a l s are as b i g as 0.5 cm, and they are usually rimmed 
by red-brown i d d i n g s i t e and magnetite. Chrome s p i n e l ( p i c o t i t e ) 
occurs as small brown cubes enclosed i n the o l i v i n e phenocrysts. The 
groundmass i s coarse grained and consists of l a t h s of l a b r a d o r i t e 
(An _,p,), i n t e r s t i t i a l grains of pale-coloured augi t e , and anhedral 
magnetite which o c c a s i o n a l l y contains exsolved i l m e n i t e lamellae, 
Subhedral grains of o l i v i n e rimmed by i d d i n g s i t e occur i n the groundmass 
as w e l l . 
The o r d i n a r y o l i v i n e t h o l e i i t e s are f i n e r grained than the 
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F i g . 12.4 P i c r i t e lava flow c o n t a i n i n g augite (a) and o l i v i n e (b) 
phenocrysts. The groundmass consists of plagioclase 
l a t h s , augite and o l i v i n e grains w i t h i n t e r s t i t i a l ore. 
Sample no. 13, crossed p o l a r s , f i e l d length 1,7 mm. 
Fig, 12.5 O l i v i n e t h o l c i i t e flow c o n t a i n i n g subophitic magnetite 
( a ) . Sample no. 222, ordinary l i g h t , f i e l d length 
2,25 mm. 
14 9 
p i c r i t e s , and they vary from aphyric t o near plagioclase cumulative 
rocks. The p l a g i o c l a s e phenocrysts are l a b r a d o r i t e t o bytownite 
(An sometimes rimmed w i t h andesine (An 4Q-5Q) > '^""^  vary i n 
size from small microphenocrysts t o 3 cm megacrysts. O s c i l l a t o r y 
zoning i s common and numerous ore and glass i n c l u s i o n s are present 
i n some of the c r y s t a l s . O l i v i n e . i s usually represented 
by serpent incus pseudomorphs, but p i c o t i t e i s found i n the o l i v i n e s 
which are f r e s h . I n one sample (no, 11) the o l i v i n e phenocrysts 
are rimmed by b i o t i t e . Sporadic phenocrysts of pale-green augite 
occur i n a few samples. The groundmass pyroxene and ore are 
i n t e r s t i t i a l t o the s k e l e t a l p l a g i o c l a s e l a t h s . The pyroxene granules 
are a pale-green a u g i t e , o c c a s i o n a l l y o c c u r r i n g subophitic or 
o p h i t i c t o the p l a g i o c l a s e . Anhedral grains of o l i v i n e are found 
i n the groundmass of most specimens, and they are usu a l l y severely . 
a l t e r e d . The groundmass p l a g i o c l a s e i s a zoned labradorite-andesine 
(An . Unevenly d i s t r i b u t e d magnetite i s e i t h e r i n t e r s t i t i a l , 40~oU 
s u b o p h i t i c , or both ( F i g , 12,5), and a c i c u l a r i l m e n i t e occurs i n many 
specimens. The p l a g i o c l a s e from those lava flows which s o l i d i f i e d 
as lava pools i n s i d e the Reykjadalur are usually extremely zoned 
(no, 89), 
(b) Quartz t h o l e i i t e s 
This group i s s t i l l f i n e r grained than group ( a ) , and plagioclase 
i s not common as a phenocryst. The most c h a r a c t e r i s t i c t e x t u r e i s 
i n t e r g r a n u l a r , but s u b t r a c h y t i c t e x t u r e s occur i n a few specimens. 
Corroded phenocrysts of s l i g h t l y zoned l a b r a d o r i t e (An QQ.-^ Q) .• 
o c c a s i o n a l l y v/ith an andesine (An ^ Q.^Q) rim, i n d i c a t e t h a t the c a l c i c 
p l a g i o c l a s e was out of e q u i l i b r i u m w i t h the l i q u i d at the time of 
e r u p t i o n . Plagioclase phenocrysts from the lava flows ponded in s i d e 
the Reykjadalur caldera show extensive zoning (no, 90 and 244) which 
i s not present i n any other specimen of t h i s group, except f o r the 
gabbro o f the Laugardalur c e n t r a l volcano (no. 98). The few 
pyroxene phenocrysts consist of pale-green augi t e , and pseudoraorphs 
a f t e r o l i v i n e phenocrysts occur i n a few specimens. The groundmass 
consists mainly of andesine l a t h s w i t h i n t e r g r a n u l a r , pale-greenish 
augite. O l i v i n e i s very rare as a groundmass phase, and i t i s 
nearly always a l t e r e d . The ore phase i s d i f f e r e n t from the one of 
group ( a ) ; magnetite occurs r e g u l a r l y as euhedral g r a i n s evenly 
d i s t r i b u t e d throughout the rock, and i n great abundance. The 
magnetite contains exsolved i l m e n i t e lamellae i n some grains. 
A c i c u l a r i l m e n i t e does occur i n some sections. The h i g h l y character-
i s t i c , i n t e r s t i t i a l and sub o p h i t i c ore phase i s present i n a fev/ 
samples, and i n some others euhedral magnetite occurs as small micro-
phenocrysts, 
(c) B a s a l t i c i c e l a n d i t e s 
The b a s a l t i c i c e l a n d i t e s are yet f i n e r grained than the basalts 
and show i n t e r g r a n u l a r t o t r a c h y t i c t e x t u r e . The o p t i c a l determination 
of the groundraass phases i s extremely d i f f i c u l t because of the minute 
size of the minerals. 
Phenocrysts occur i n most samples of t h i s group, but only i n 
small numbers. Sporadic c r y s t a l s of pl a g i o c l a s e , w i t h l a b r a d o r i t e 
(An „^) core and andesine-oligoclase (An ) margins ( F i g . 12.6), 60—7U oU—4U 
c o n t a i n i n c l u s i o n s of ore, pyroxene and glass. Pyroxene phenocrysts 
are r a r e , and they con s i s t of pale-green a u g i t e , occasionally s l i g h t l y 
p leochroic and approaching f e r r o a u g i t e . O l i v i n e does not occur i n the 
b a s a l t i c i c e l a n d i t e s , but a few grains of magnetite microphenocrysts 
occur r e g u l a r l y i n about h a l f of the samples. The groundmass consists 
of andesine-type p l a g i o c l a s e w i t h pale-green, i n t e r g r a n u l a r clinopyroxene 
( a u g i t e ?) and brownish i n t e r s t i t i a l glass. Magnetite i s very common 
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F i g . 12,6 B a s a l t i c i c e l a n d i t e flow w i t h zoned plagioclase ( a ) ; 
l a b r a d o r i t e core and an outer rim of andosine-oligoclase. 
Augite phenocrysts (b) are common but the groundmass i s 
f i n e grained w i t h small euhedral grains of magnetite. 
Sample no, 103, crossed p o l a r s , f i e l d length 2,25 mm. 
F i g . 12,7 B a s a l t i c i c e l a n d i t e flow d i s p l a y i n g a t r a c h y t i c t e x t u r e . Note the evenly d i s t r i b u t e d euhedral magnetite grains. 
Sample no, 168, crossed pola r s , f i e l d length 1.7 mm. 
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as minute euhedral g r a i n s , evenly d i s t r i b u t e d throughout the groundmass 
( F i g . 12.7). 
(d) I c e l a n d i t e s 
These rocks are extremely f i n e grained and o f t e n glassy, w i t h 
s u b t r a c h y t i c and t r a c h y t i c t e x t u r e s dominating. Phenocrysts are more 
common than i n the b a s a l t i c i c e l a n d i t e s . 
Again p l a g i o c l a s e i s the main phenocryst phase ( F i g . 12.8); the 
pla g i o c l a s e i s us u a l l y zoned andesine (An ^ Q.^^) l a b r a d o r i t e does 
occur as w e l l , and most of them are corroded t o a c e r t a i n extent. 
Pale green, s l i g h t l y p leochroic f e r r o a u g i t e i s found i n about a t h i r d 
of the specimens (Figs. 12.8 and 12.9) but i n sample no, 175 a few 
phenocrysts of greenish hypersthene are present w i t h serpentinized 
rims. O l i v i n e i s found i n a few samples (Figs. 12.8 and 12.9), o f t e n 
severely a l t e r e d , and of f a y a l i t i c composition. Euhedral magnetite 
grains occur as microphenocrysts i n about a t h i r d of the samples, 
i n most instances w i t h o u t i l m e n i t e e x s o l u t i o n , and they are more 
prominent i n the rocks of the H a l l a r m u l i c e n t r a l volcano ( F i g , 12.10) 
than i n the rocks of the other two volcanoes i n the research area. 
The magnetite microphenocrysts are occasionally enclosed i n 
f e r r o a y g i t e and o l i v i n e phenocrysts. The main groundmass phase i s 
pl a g i o c l a s e along w i t h a great deal of brownish, o f t e n d e v i t r i f i e d 
glass. The groundmass pyroxene occurs as small grains of greenish 
a u g i t e ( ? ) , and o l i v i n e i s occasionally found as small grains i n the 
groundmass. The groundmass i s charged w i t h minute grains of euhedral 
magnetite. 
(e) Dacites 
These are extremely f i n e grained to glassy rocks, which show 
t r a c h y t i c t e x t u r e s where c r y s t a l l i n e . Only seven samples from the 
lesearch area belong t o t h i s group, and one of them i s a c t u a l l y a 
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F i g . 12.8 I c e l a n d i t e lava flow w i t h f e r r o a u g i t e ( a ) , l a b r a d o r i t e 
(b) and f a y a l i t i c o l i v i n e ( c ) phenocrysts. Note the 
t r a c h y t i c features of the groundmass. Sample no. 94, 
crossed p o l a r s , f i e l d length 1,7 mm. 
F i g 12.9 I c e l a n d i t e lava flow c o n t a i n i n g plagioclase ( a ) , f e r r o a u g i t e 
(b) phenocrysts along w i t h magnetite microphenocryst (c) . 
Sample no. 117, ordinary l i g h t , f i e l d length 1.7 ram. 
granophyre from a cone sheet which w i l l be described l a t e r . 
Phenocrysts are r a r e , except f o r sample no. 95. Plagioclase 
i s the most common phenocryst, mainly andesine (An ) which i s 
usu a l l y zoned and corroded. Green, pleochroic and prismatic-shaped 
f e r r o a u g i t e c r y s t a l s are present, o f t e n w i t h i n c l u s i o n s of euhedral, 
magnetite microphenocrysts. I n sample no. 95 a few c r y s t a l s of 
hypersthene are present. F a y a l i t i c o l i v i n e i s ra t h e r r a r e , and o f t e n 
mpre-or-less replaced by serpentinoids, Magnetite occurs as micro-
phenocrysts i n most samples ( F i g , 12,11), and does not contain, 
i l m e n i t e e x s o l u t i o n lamallae. The groundmass i s extremely f i n e 
grained, and the o p t i c a l determination of mineral? was i m p r a c t i c a l . 
The most prominent phases are plagioclase l a t h s , and a brownish glass 
which i s o f t e n d e v i t r i f i e d . Greenish, granular pyroxene i s present, 
but i n much smaller amount than i n the fonner groups. Euhedral grains 
of magnetite are evenly s c a t t e r e d throughout the groundmass. 
( f ) R h y o l i t e s 
The r h y o l i t e s , which are very prominent i n the f i e l d , occur 
both as lava flows and cone sheets. A l l the specimens analysed are 
ra t h e r f i n e grained or even glassy; even r e l a t i v e l y b i g i n t r u s i o n s 
l i k e Baula are f i n e grained, and w i l l thus be described here. 
Sporadic pl a g i o c l a s e phenocrysts occur i n nearly a l l the specimens, 
u s u a l l y w i t h an andesine core (Ai ^ 0-35) ^^'^ o l i g o c l a s e - a l b i t e 
(An T c . _ r , r \ margin; c o r r o s i o n i s common. A few anorthoclase and sanidine 
c r y s t a l s occur. Pseudomorphs of euhedral o l i v i n e s occur i n no. 67, and 
ragged patches of f a y a l i t i c o l i v i n e s i n no, 82 ( F i g , 12,12). Minute 
grains of o l i v i n e are found i n some samples, but they are o f t e n so 
small t h a t they might not have been detected i n many samples. Euhedral 
microphenocrysts of magnetite ( r a r e l y exsolved) are found i n about 
h a l f the samples ( F i g . 12.12). The groundmass i s extremely f i n e 
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F i g . 12.10 I c e l a n d i t e lava flow w i t h microphenocrysts of magnetite 
(a) e i t h e r enclosed w i t h i n f e r r o a u g i t e (b) or f r e e i n 
the groundmass. Sample no. 32, crossed polars, f i e l d 
l e n gth 2.25 mm. 
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F i g . 12.11 Dacite lavo flow w i t h f a y a l i t i c o l i v i n e ( a ) , andesine 
plag i o c l a s e ( b ) , f e r r o a u g i t e (c) and euhedral magnetite 
( d ) . Sample no. 98, ordinary l i g h t , f i e l d length 2.25 
nmi. 
grained. I t consists of an i n t e r g r o w t h of quartz and f e l d s p a r , which 
makes i d e n t i f i c a t i o n d i f f i c u l t , but the feldspar i s probably an 
o l i g o c l a s e - a l b i t e , or even K-feldspar type. Quartz sometimes occurs, 
as microphenocrysts (no. 10 and 18, F i g . 12.13), e s p e c i a l l y i n cone 
sheet samples. Minute grains of euhedral magnetite are present, 
but i n f a r smaller n u B i b e r s than amongst the intermediate rocks. 
T e r t i a r y p l u t o n i c s and x e n o l i t h s 
Under t h i s heading are c l a s s i f i e d a l l the coarse-grained rocks 
l i k e gabbros and granophyres, most of which have not been chemically 
analyzed. Most of these rocks belong t o the cone sheet swarm of 
the Reykjadalur c e n t r a l volcano and they have, i n most cases, undergone 
severe a l t e r a t i o n processes, 
(a) Gabbros 
Xe n o l i t h s embedded i n the lava flows of the plateau basalt have 
a r a t h e r uniform mineralogy, c o n s i s t i n g of l a b r a d o r i t e and augite 
c r y s t a l s w i t h i n t e r s t i t i a l ore ( u s u a l l y mangetite w i t h minor e x s o l u t i o n 
l a m e l l a e ) . The augite has i n t e r s t i t i a l or subophitic r e l a t i o n s h i p 
w i t h the l a b r a d o r i t e . O l i v i n e i s never found i n these x e n o l i t h s . 
The gabbroic rocks belonging t o the c e n t r a l volcanoes vary from 
pyroxene cumulate gabbros ( F i g . 12.14) through t o plagioclase cumulate 
gabbros, and basic c r y s t a l mush. Ordinary equigranular gabbros are 
most common. They consist of equigranular augite and l a b r a d o r i t e 
(An or the two minerals can possess a subophitic r e l a t i o n s h i p . 60-70) 
The ore i s always i n t e r s t i t i a l and o f t e n contains exsolved m a t e r i a l , 
but o l i v i n e i s r a r e l y present, except as pseudomorphs f i l l e d ',vith 
secondary minerals. The p l a g i o c l a s e i s i B u a l l y zoned to a c e r t a i n 
e x t e n t , but pyroxene i s not zoned. 
Where the i n t e n s i t y of cone sheets i s greatest, i n s i d e the 
southern r i m of the Reykjadalur caldera, p e c u l i a r gabbro sheets are 
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F i g . 12.12 R h y o l i t e lava flow w i t h pseudomorph a f t e r o l i v i n e ( a ) , 
f e r r o a u g i t e ( b ) , andesine (c) and euhedral magnetite 
( d ) . Sample no. 82, crossed pol a r s , f i e l d length 
2.25 mm. 
F i g . 12.13 Shallow r h y o l i t e i n t r u s i o n w i t h small quartz micro-
phenocrysts (a) i n a mass of feathery K-felrispar-quartz 
i n t e r g r o w t h s . 
length 1.7 mm. 
Sample no. 10, crossed polars, f i e l d 
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found. Most of them are o p h i t i c pyroxenites, c o n s i s t i n g of augite 
which i s o p h i t i c t o l a t h s of l a b r a d o r i t e s ( F i g , 12.14). Others are 
pl a g i o c l a s e cumulative gabbros, where l a b r a d o r i t e makes up the main 
bulk of the rocks w i t h i n t e r s t i t i a l augite and sporadic ore. 
A few samples of a very strange gabbro, from the same area, 
c o n s i s t s of a c r y s t a l mush w i t h an i n t e r s t i t i a l , f i n e r grained 
groundmass. The c r y s t a l mush consists of b i g l a t h s of l a b r a d o r i t e 
(An QQ.^Q) which, together w i t h smaller amount of augite, make up 
the main p a r t of the rock. The i n t e r s t i t i a l m a t e r i a l consists of 
much f i n e r grained granules of plag i o c l a s e and euhedral magnetite, 
w i t h a small amount of augite. The b i g augite c r y s t a l s continued 
growing a f t e r the movement of the "magma" came t o a h a l t , and they 
are rimmed by coronas of augite c o n t a i n i n g small grains from the 
groundmass ( p l a g i o c l a s e and magnetite, F i g . 12.15). 
(b) Granophyres 
These rocks occur mainly as x e n o l i t h s i n various rock types. 
They are ch a r a c t e r i z e d by an i n t e r g r o w t h of quartz and K-feldspar, 
but most of the granophyres from the cone sheets of the Reykjadalur 
volcano c o n t a i n varying amounts of plagioclase and anorthoclase 
phenocrysts. I n t e r s t i t a l t o the 
phenocrysts are intergrowths of quartz and K-feldspar ( F i g . 12.16). 
I n a few samples, quartz occurs as a microphenocryst, Pyroxene i s 
r a r e , but i s gene r a l l y green, pleochroic f e r r o a u g i t e . I n many 
instances the pyroxene has been converted i n t o amphibole. The K-
fe l d s p a r i s u s u a l l y cloudy due t o hydrotherraal a l t e r a t i o n . 
Two x e n o l i t h s from the Laugardalur c e n t r a l volcano are of great 
i n t e r e s t . They are of granophyre w i t h i n t e r g r o w t h s of quartz and 
K-feldspar, but bigger c r y s t a l s of sanidine-anorthoclase are common. 
The rocks c o n t a i n small amounts of green f e r r o a u g i t e and small 
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F i g . 12.14 Pyroxenite from a cone sheet i n .Hrossadalur i n Reykjadalur. 
Augite (a) and l a b r a d o r i t e ( b ) . Crossed pola r s , f i e l d 
l e n g t h 2,25 mm. 
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F i g . 12.15 C r y s t a l mush from a cone sheet i n Reykjadalur. Augite 
(a) and l a b r a d o r i t e (b) phenocrysts w i t h small i n t e r s t i t i a l 
grains of p l a g i o c l a s e and magnetite. Note the periphery 
( c ) of the a u g i t e c o n t a i n i n g grains of plagioclase. 
Crossed p o l a r s , f i e l d length 2.25 mm. 
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c r y s t a l s of r u t i l e or z i r c o n . The e s p e c i a l l y i n t e r e s t i n g f eature of 
these specimens i s t h a t there are pockets of brown glass (the colour 
probably due t o high i r o n content) around each of the f e r r o a u g i t e 
c r y s t a l s ( F i g , 12.17). I t seems t h a t the f e r r o a u g i t e lowers the 
me l t i n g temperature f o r the granophyre and th e r e f o r e the re-melting 
s t a r t s around the f e r r o a u g i t e c r y s t a l s (perhaps due t o c o t e c t i c 
m e l t i n g ) . The granophyre x e n o l i t h s are enclosed i n i c e l a n d i t e lava 
f l o w and intermediate i g n i m b r i t e , r e s p e c t i v e l y . These intermediate 
magmas have higher m e l t i n g temperatures (> 1000°C) than the acid 
magmas and one can assume t h a t the upmoving intermediate magma 
incor p o r a t e d x e n o l i t h s from a granophyric i n t r u s i v e body at depth; 
on the way up the x e n o l i t h s were heated by the magma and had s t a r t e d 
m e l t i n g when they reached the surface, where the magma was r a p i d l y 
cooled, thus preventing any f u r t h e r melting of the x e n o l i t h s . 
Late Quaternary and Recent volcanism 
(a) S n j o f j o l l s e r i e s 
The rocks belonging t o t h i s group are r a t h e r coarse grained and 
are a l l o l i v i n e r i c h . A l l the samples are both o l i v i n e - p h y r i c and 
pl a g i o c l a s e - p h y r i c , but pyroxene i s rare as a phenocryst phase. 
O l i v i n e i s the most prominent phenocryst phase ( F i g . 12.18), 
and i t occurs as euhedral or subhedral c r y s t a l s , w i t h p i c o t i t e 
i n c l u s i o n s , grading i n size from 0.5 cm down t o the groundmass grains. 
L a b r a d o r i t e (An ^„ „^) i s found i n a l l samples- but one, and i s usu a l l y 60-70 
not zoned. Pale-green augite occurs i n three samples, and one c r y s t a l 
of hypersthene v/as observed i n a sect i o n of no, 121. The groundmass 
c o n s i s t s of i n t e r g r a n u l a r , pale-green augite w i t h i n a framework of . 
l a b r a d o r i t e (An ^Q.QQ) l a t h s ( o c c a s i o n a l l y andesine). Small anhedral 
grains of o l i v i n e are found i n the groundmass of a l l the samples. The 
ore i s i n t e r s t i t i a l magnetite, which o f t e n contains exsolved m a t e r i a l . 
F i g , 12.16 Granophyre cone sheet from Reykjadalur. Zoned a l b i t e 
phenocrysts (a) enclosed w i t h i n K-feldspar-quartz i n t e r -
growth. Crossed po l a r s , f i e l d length 1.7 mm. 
F i g , 12,17 Granophyre ( x e n o l i t h ) from Laugardalur. Green f e r r o a u g i t e 
(a) i n a c a v i t y f i l l e d w i t h brownish glass ( b ) , which i s 
invading the qu a r t z - f e l d s p a r mass. Ordinary l i g h t , f i e l d 
length 2.25 mm. 
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but the magnetite i s s u b o p h i t i c i n two samples, and i n four of them 
the magnetite also occurs as euhedral grains. 
One gatabro x e n o l i t h was found i n the S n j o f j o l l s e ries. I t 
i s a l a b r a d o r i t e - a u g i t e - o l i v i n e adcumulate (or raesocumulate), i n 
v/hich the c r y s t a l s are subhedral and usually have t r i p l e j u n c t i o n s 
between the various c r y s t a l s ( F i g . 12.19). 
(b) Reykjanes-Langjokull neovolcanic zone 
These rocks are o l i v i n e r i c h , as are the rocks of group ( a ) . 
The o l i v i n e occurs as a phenocryst i n s i x out of seven analysed 
samples, i s euhedral t o subhedral, and contains small grains of 
p i c o t i t e . Plagioclase i s rar e as a phenocryst, except i n no. 277 where 
i t occurs i n great abundance as l a b r a d o r i t e (An QQ_JQ^> which i s 
weakly t o s t r o n g l y zoned w i t h an outer rim of andesine. Pyroxene 
does not occur as a phenocryst i n t h i s group. The groundmass of 
o f t e n f i n e grained t o glassy,' due t o r a p i d c o o l i n g . The groundmass 
p l a g i o c l a s e i s zoned labradorite-andesine, u s u a l l y i n subophitic 
r e l a t i o n s h i p w i t h a pale-green augite ( F i g , 12,20) which, i n a few 
cases, has purplish-brown, t i t a n i u m - r i c h margins. Small anhedral 
grains of o l i v i n e occur i n a l l the samples, and i n t e r s t i t i a l ore i s 
found along w i t h f r e s h brown glass. 
(c) Snaefellsnes volcanics 
The main c h a r a c t e r i s t i c of t h i s group i s the abundance of 
phenocrysts, e s p e c i a l l y o l i v i n e . The group can be divid e d i n t o two 
g e o g r a p h i c a l l y d i s t i n c t subgroups; rocks from the Nordurardalur-
Langavatnsdalur area, and rocks from the A l f t a f j o r d u r area. The former 
have the lower content of phenocrysts. 
The o l i v i n e phenocrysts, which are euhedral to subhedral, contain 
g r a i n s of p i c o t i t e and grade i n t o the groundmass phase. Pyroxene i s 
r a r e i n the former group but common i n the l a t t e r . I t i s a pale-green-
F i g . 12.18 Lava flow from the S n j o f j o l l series containing o l i v i n e 
(a) and augite (b) phenocrysts. Note the i n t e r s t i t i a l 
ore phase ( c ) . Sample no. 121, crossed polars, f i e l d 
l ength 2,25 nmi. 
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F i g 12.19 A gabbroic x e n o l i t h from the S n j o f j o l l s e ries. An 
adcumulate or mesocumulate, c o n s i s t i n g of l a b r a d o r i t e 
( a ) , a u gite (b) and o l i v i n e ( c ) . Note the t r i p l e 
j u n c t i o n between the various grains. Crossed polars, 
f i e l d length 2.25 mm. 
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t o brownish a u g i t e , i n which zoning i s comjnon i n some samples ( F i g , 
12,21), Some of the augite c r y s t a l s are rimmed by purplish-brown, 
t i t a n i f e r o u s augite (no, 268), and i n others a brownish core i s 
rimmed by greenish augite (no, 275). The plagioclase l a t h s have 
corroded cores of l a b r a d o r i t e (yfe 60-70^ rimmed by andesine or 
o l i g o c l a s e (An ) ( F i g . 12.22). Euhedral grains of magnetite, 
micro-phenocrysts occur i n a few samples of the l a t t e r group. The 
groundmass of most of the samples i s ra t h e r f i n e grained or even 
glassy, due t o r a p i d c o o l i n g , and i t consists of andesine l a t h s 
which grade i n s i z e i n t o phenocrysts. Anhedral o l i v i n e s , and pale-
green a u g i t e g r a i n s , occur i n i n t e r s t i t i a l r e l a t i o n s h i p w i t h the 
pl a g i o c l a s e . Ore i s mainly i n t e r s t i t i a l magnetite, sometimes w i t h 
i l m e n i t e exsolut'ion lamellae, but a c i c u l a r i l m e n i t e also occurs as 
a separate phase. I n a few samples the magnetite forms euhedral 
g r a i n s . 
Summary of the Petrography 
O l i v i n e i s common i n the o l i v i n e t h o l e i i t e s but v i r t u a l l y absent 
i n the qua r t z t h o l e i i t e s . I t reappears i n the i c e l a n d i t e s and dacites 
as a phenocryst phase. Clinopyroxene i s present i n a l l rock types, 
and i t v a r i e s from augite i n the basic rocks t o f e r r o a u g i t e i n the 
more d i f f e r e n t i a t e d rocks, being almost absent as a groundmass phase 
i n the r h y o l i t e s . Orthopyroxene i s extremely r a r e . Pigeonite was not 
p o s i t i v e l y i d e n t i f i e d , probably because of the minute size of a 
possible p i g e o n i t e i n the groundmass, 
Plagioclase v a r i e s from l a b r a d o r i t e i n the basic rocks t o 
o l i g o c l a s e - a l b i t e t o anorthoclase i n the acid rocks. 
The ore phase varies g r e a t l y i n hab i t i n the rocks, from i n t e r -
s t i t i a l and l a t e c r y s t a l l i z a t i o n i n the o l i v i n e t h o l e i i t e s , t o early 
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F i g , 12,20 O l i v i n e t h o l e i i t e lava flow from the Reykjanes-Langjokull 
neovolcanic zone. Note the subophitic r e l a t i o n s h i p 
between augite and plagioclase. Sample no, 278, crossed 
p o l a r s , f i e l d l e ngth 2,25 mm. 
F i g . 12.21 Recent a l k a l i o l i v i n e basalt flow from the Snaefellsnes zone c o n t a i n i n g o l i v i n e (a) and plagioclase (b) pheno-
c r y s t s and a large zoned clinopyroxene ( c ) . Sample no. 
275, crossed p o l a r s , f i e l d length 1.7 mm. 
F i g . 12.22 Subglacial p i l l o w lava from the Snaefellsnes zone. 
Corroded p l a g i o c l a s e phenocryst w i t h l a b r a d o r i t e core 
and andesine-oligoclase margin. Sample no. 270, crossed 
p o l a r s , f i e l d l e ngth 1.7 mm. 
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euhedral grains i n the quartz t h o l e i i t e s . I n the more s i l i c a - r i c h 
t h o l e i i t e s the ore s t a r t s t o appear as microphenocrysts, and does so 
through t o the r h y o l i t i c rocks, along w i t h minute euhedral grains 
of ore i n the gx-oundmass. The microphenocrysts of ore are sometimes 
enclosed i n both pyroxene and o l i v i n e ci^ystals. This suggests t h a t 
c r y s t a l l i z a t i o n of ore took place at two d i f f e r e n t stages; e a r l y 
along v/ith p l a g i o c l a s e - p y r o x e n e - o l i v i n e phenocrysts, and l a t e r as 
p a r t of the c r y s t a l l i z a t i o n of the groundmass. 
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CHAPTER 13: 
GENERAL GEOCHEMICAL RELATIONS 
Chemical c h a r a c t e r i s t i c s of the b a s a l t i c rocks 
The chemical c h a r a c t e r i s t i c s of Ice l a n d i c basalts have been 
described by numerous authors (Carmichael, 1964; Sigvaldason, 1969; 
Sigurdsson, 1970a; Jakobsson, 1972; Gronvold, 1972) and they have 
pointed out the d i f f e r e n c e s betv/een the Ic e l a n d i c basalts and ocean 
f l o o r b a s a l t s . I n t h i s chapter the rocks i n the research area w i l l 
be compared w i t h p r e v i o u s l y analysed rocks from Iceland, and w i t h 
t y p i c a l ocean f l o o r b a s a l t s . A l l the analyses of the T e r t i a r y samples 
are p l o t t e d on F i g . 13.1, and the l a t e Quaternary and Recent samples 
are p l o t t e d on Fig . 13,2, along w i t h the f i e l d of the T e r t i a r y t h o l e i i t e s . 
(a) T e r t i a r y b a s a l t s 
The T e r t i a r y b a s a l t s of the research area are more s i l i c a -
s a t u rated than the bas a l t s from the adjacent Reykjanes-Langjokull 
neovolcanic zone ( F i g . 13.3) i n s i d e which many cf the T e r t i a r y rocks 
were extruded, before susequently d r i f t i n g westward. The volcanics 
of the neovolcanics zone are more p r i m i t i v e i n character ('Jakobsson, 1972). 
The T e r t i a r y b a s a l t s of the area are s i m i l a r i n chemistry t o the basalts 
of the Thingmuli c e n t r a l volcano (Carmichael, 1964) and of the Setberg 
c e n t r a l volcano ( c e n t r e 1, Sigurdsson, 1970a). 
The T e r t i a r y b a s a l t s d i f f e r from t y p i c a l ocean-floor basalts i n 
many aspects. They are, compared w i t h the average of 94 selected 
ocean-floor samples (Caan, 1971), lower i n A l 0 and MgO, but higher i n 
Na„0, K 0, MnO and P„0 and considerably higher i n i r o n and TiO . 2 2 2 5 ^ 
The quartz t h o l e i i t e s of the neovolcanic zones i n Iceland (Jakobsson, 
1972) are, on average, higher i n MgO, but lower i n Na^O, TiO^ and P^ O^  
than the rocks f o r which data are presented i n t h i s t h e s i s . The same 
i s t r u e f o r l a t e Quaternary and Recent volcanics from northeastern Iceland 
F i g . 13.1 Major and trace elements of the T e r t i a r y rock 
samples from the B o r g a r f j o r d u r - D a l i r area, 
p l o t t e d against s i l i c a . The broken l i n e 
marks the boundary between the b a s a l t i c rocks 
and the intermediate rocks. • , aphyric 
b a s a l t ; X, p o r p h y r i t i c basalt; o , aphyric 
d i f f e r e n t i a t e of the Reykjadalur c e n t r a l 
volcano; 0 , p o r p h y r i t i c d i f f e r e n t i a t e of 
the Reykjadalur c e n t r a l volcano; n , aphyric 
d i f f e r e n t i a t e of the H a l l a r m u l i c e n t r a l 
volcano; B , p o r p h y r i t i c d i f f e r e n t i a t e of 
the H a l l a r m u l i c e n t r a l volcano; /\ , aphyric 
d i f f e r e n t i a t e of the Laugardalur c e n t r a l 
volcano. 
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F i g . 13.2 Major.and t r a c e elements o f t h e l a t e Q u a t e r n a r y 
and Recent r o c k samples p l o t t e d a g a i n s t s i l i c a . 
The s o l i d l i n e r e p r e s e n t s t h e f i e l d c overed 
by t h e T e r t i a r y b a s a l t s . X, Reykjanes-
L a n g j d k u l l n e o v o l c a n i c zone; A . sample 
f r o m N o r d u r a r . d a l u r - L a n g a v a t n s d a l u r ( S n a e f e l l s n e s 
z o n e ) ; A, S n j o f j O l l s e r i e s ; O, a l k a l i 
o l i v i n e b a s a l t f r o m A l f t a f j O r d u r area ( S n a e f e l l s n e s 
z o n e ) ; © , h a w a i i t e f r o m t h e A l f t a f j 6 ' r d u r 
area ( S n a e f e l l s n e s zone). 
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( S i g v a l d a s o n , 1974a). These are h i g h e r i n A l 0 as w e l l . 
2 3 
The T e r t i a r y t h o l e i i t e s a r e c o n s i d e r a b l y h i g h e r i n Sr, and lower 
i n N i , t h a n t h e average o c e a n - f l o o r b a s a l t ( C a s t , 1970). Kempe (1974) 
r e p o r t e d t h e t r a c e - e l e m e n t c o m p o s i t i o n s o f b a s a l t s f r o m t h e I n d i a n 
ocean ( L e g 2 6 ) . They are low e r i n Z r , Rb, Zn and Cu and much lov/er 
i n S r , b u t h i g h e r i n N i t h a n t h e I c e l a n d i c T e r t i a r y t h o l e i i t e s , Bass 
e t a l . (1973) s t u d i e d b a s a l t s f r o m t h e c e n t r a l P a c i f i c (Leg 17) whic h 
a r e f o u n d t o be low e r i n Nb and Sr. The b a s a l t s o f t h e Se t b e r g area 
( S i g u r d s s o n , 1970a) a r e l o w e r i n Ba and Sr, and t h e b a s a l t s o f 
n o r t h e a s t e r n I c e l a n d ( S i g v a l d a s o n , 1974a) are g e n e r a l l y lower i n Y, 
Z r , Cu and much l o w e r i n Sr ( F i g . 1 3 . 4 ) , b u t h i g h e r i n N i t h a n t h e 
t h o l e i i t e s d i s c u s s e d i n t h i s s t u d y , 
( b ) L a t e Q u a t e r n a r y and Recent v o l c a n i c s 
The r o c k s o f l a t e Q u a t e r n a r y and Recent age i n t h e r e s e a r c h area 
i n c l u d e t h e S n j o f j o l l s e r i e s , and a few f o r m a t i o n s i n t h e N o r d u r a r d a l u r -
L a n g a v a t n s d a l u r area. Samples f r o m t h e R e y k j a n e s - L a n g j b k u l l n e o v o l c a n i c 
zone, and f r o m t h e A l f t a f j b r d u r area ( o n t h e S n a e f e l l s n e s p e n i n s u l a ) 
a r e i n c l u d e d i n t h i s s t u d y f o r comparison. The r o c k s can be d i v i d e d 
i n t o f o u r g r o u p s , a c c o r d i n g t o d i f f e r e n c e s i n c h e m i s t r y and g e o g r a p h i c a l 
d i s t r i b u t i o n . They a r e a l l d i f f e r e n t f r o m t h e T e r t i a r y b a s a l t s , a t 
l e a s t f o r some elements (see F i g . 13.2). 
1. O l i v i n e t h o l e i i t e o f t h e R e y k j a n e s - L a n g j b k u l l n e o v o l c a n i c 
zone a r e t h e most p r i m i t i v e b a s a l t s o c c u r r i n g i n I c e l a n d 
( J a k o b s s o n , 1972). They a r e much h i g h e r i n Al^O^ and 
MgO, b u t l o w e r i n i r o n , TiO^, Ba and Sr t h a n t h e T e r t i a r y 
t h o l e i i t e s . The Sr and Ba v a l u e s a re s i m i l a r t o t h e 
v a l u e s r e c o r d e d by S i g v a l d a s o n (1974a) and Cast ( 1 9 7 0 ) . 
I t i s o f g r e a t i n t e r e s t t o compare t h i s group o f samples 
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F i g , 13.4 Rb p l o t t e d a g a i n s t Sr on a l o g s c a l e , n, 
H a l l a r m u l i d i f f e r e n t i a t e ; O, R e y k j a d a l u r 
d i f f e r e n t i a t e ; A , L a u g a r d a l u r d i f f e r e n t i a t e ; 
o, T e r t i a r y b a s a l t f r o m t h e r e s e a r c h area; 
a , b a s a l t f r o m n o r t h e a s t e r n I c e l a n d ( S i g v a l d a s o n , 
1974a); X, R e y k j a n e s - L a n g j o k u l l zone; T, S n j o f j o l l 
s e r i e s ; S, S n a e f e l l s n e s zone. 
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i n s i d e t h e same v o l c a n i c zone. Some o f t h e samples 
i n t h i s group a r e so h i g h i n A l 0 t h a t i t i s j u s t -
i f i a b l e t o c a l l them " h i g h - a l u m i n a b a s a l t s " , a l t h o u g h 
t h e t e r m i s n o t used i n t h i s s t u d y . 
2. Tlie S n j o f j o l l t r a n s i t i o n a l s e r i e s i s o f Matuyama age. 
I t d i f f e r s f r o m t l i e p r e v i o u s group i n h a v i n g h i g h e r 
P 0 , Nb, Z r , Y and Sr. Bo t h these two groups have a 
h i g h e r A l 0 c o n t e n t , and a lower i r o n c o n t e n t , t h a n t h e 
T e r t i a r y t h o l e i i t e s w h i c h , on average, have h i g h e r 
a l k a l i s and Sr and a lower TiO c o n t e n t , and a r e e n r i c h e d 
i n MgO r e l a t i v e t o i r o n ( F i g . 13.5). 
3. The S n a e f e l l s n e s v o l c a n i c s i n t h e N o r d u r a r d a l u r - L a n g a v a t n s d a l u r 
area a r e s i m i l a r i n many r e s p e c t s , t o those i n t h e 
S n j o f j o l l s e r i e s b u t a r e low e r i n i r o n , P 0 and Z r , and 
h i g h e r i n MgO. 
4. The S n a e f e l l s n e s v o l c a n i c s i n t h e A l f t a f j o r d u r area i n c l u d e 
b o t h a l k a l i b a s a l t s and h a w a i i t e s . The a l k a l i b a s a l t s are 
much r i c h e r i n a l k a l i s , e s p e c i a l l y potassium, compared 
w i t h a l l o t h e r b a s a l t s d e s c r i b e d i n t h i s s t u d y , as w e l l 
as b e i n g h i g h e r i n P„0 , Ba, Nb,' Sr and Rb ( b u t lower i n 
i r o n ) . The h a w a i i t e s a r e h i g h e r i n i r o n , K 0, MnO, P„0 , 
Ba, Nb, Z r , Sr, and Rb b u t low e r i n A l 0 MgO and CaO than 
a l k a l i b a s a l t s . 
( c ) V a r i a t i o n s i n t i m e and space 
The c h e m i s t r y o f t h e T e r t i a r y t h o l e i i t e s and o f t h e samples from t h e 
R e y k j a n e s - L a n g j o k u l l n e o v o l c a n i c zone show a vague t r e n d w i t h time. 
Four o f t l i e elements'have been p l o t t e d ( F i g . 1 3 . 6 ) , and a l i n e i s drawn 
t o repi'esent a t r e n d . 
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F i g . 13.5 MgO p l o t t e d a g a i n s t t o t a l i r o n . Symbols are 
t h e same as i n F i g , 13.4, exce p t t h a t s o l i d 
c i r c l e s and squares r e p r e s e n t p o r p h y r i t i c samples, 
The T h i n g m u l i ti'end ( C a r m i c h a e l , 1964) and the 
Hawai i a n a l k a l i c t r e n d (Macdonald and K a t s u r a , 

































Age in m.y 
F i g . 13.6 A l 0 t o t a l i r o n , TiO and Ba of a few 
b a s a l t samples ages. The sediment-
r i c h p a r t o f t h e l a v a p i l e i s 
i n d i c a t e d . 
1. Rocks o l d e r t h a n 5.75 m.y. show a g r e a t v a r i a t i o n 
w h i c h i s p a r t l y caused by p l a g i o c l a s e - p h y r i c samples. 
2. Rocks younger t h a n 5.75 m.y. d i s p l a y a s m a l l e r 
v a r i a t i o n , and show e i t h e r a g e n t l e i n c r e a s e o r a 
decrease up t o r e c e n t t i m e s . 
T h ere i s a gap o f 3 m.y. r e p r e s e n t e d by r o c k s f r o m o u t s i d e t h e 
r e s e a r c h a r e a , f o r w h i c h t h e r e i s l i t t l e o r no c h e m i c a l d a t a , b u t t h e 
a u t h o r i s c o n f i d e n t t h a t no major break o c c u r s . An a b r u p t change i n 
c h e m i s t r y o c c u r s about 5.0 t o 5.75 ra.y. ago, w h i c h c o i n c i d e s w i t h t h e 
i n t r o d u c t i o n o f sediments i n t h e T h v e r a r h l i d area (see Chapter 3 ) , 
s u g g e s t i n g t h a t t h e r o c k s o l d e r t h a n t h i s break were e x t r u d e d i n a 
d i f f e r e n t v o l c a n i c - t e c t o n i c e nvironment f r o m t h e r o c k s younger t h a n t h e 
b r e a k ( w h i c h a r e presumably e x t r u d e d i n s i d e t h e p r e s e n t Reykjanes-
L a n g j o k u l l z o n e ) . 
A l 0 i n c r e a s e s s i g n i f i c a n t l y f r o m T e r t i a r y t o Recent t i m e s , 
i n c o n t r a s t t o i r o n , TiO , and most t r a c e elements. The d i f f e r e n c e s 
between t h e T e r t i a r y and t h e Recent v o l c a n i c s a r e obvious f r o m b o t h 
major and t r a c e element c h e m i s t r y . ( e . g . F i g . 13,2), and t h e y are a l s o 
r e f l e c t e d i n t h e i n i t i a l S r - i s o t o p e r a t i o v/hich decreases f r o m T e r t i a r y 
t o Recent t i m e s (O'Nions and P a n k h u r s t , 1973). A l s o t h e o l i v i n e 
t h o l e i i t e s a r e f a r more common i n t h e R e y k j a n e s - L a n g j b k u l l v o l c a n i c 
zone t o d a y t h a n i n t h e T e r t i a r y l a v a p i l e . 
I t i s d i f f i c u l t t o assess l a t e r a l v a r i a t i o n s i n t h e T e r t i a r y l a v a 
p i l e , because t h e area i s n o t b i g enough ( a l o n g s t r i k e ) t o r e v e a l any 
m a j o r changes i n t h e c h e m i s t r y o f t h e l a v a f l o w s . However, a l a t e r a l 
v a r i a t i o n does o c c u r i n t h e R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s around t h e 
R e y k j a d a l u r c e n t r a l v o l c a n o . The b a s a l t f l o w s i n c r e a s e i n s i l i c a 
c o n t e n t t o w a r d s t h e v o l c a n o , showing t h a t t h e b a s a l t i c v o l c a n i s m i s 
c l o s e l y r e l a t e d t o t h e c e n t r a l v o l c a n o . 
A n o t h e r i n t e r e s t i n g v a r i a t i o n i n t h e b a s a l t s i s t h e i n c r e a s e i n 
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a l k a l i s i n t h e l a t e Q u a t e r n a r y and Recent v o l c a n i c s , outwards 
f r o m t h e R e y k j a n e s - L a n g j o k u l l n e o v o l c a n i c ( a x i a l r i f t i n g ) zone and 
a l o n g t h e S n a e f e l l s n e s p e n i n s u l a ( F i g , 13,7), The i n c r e a s e i s g r a d u a l , 
f r o m t h e R e y k j a n e s - L a n g j o k u l l zone t o L a n g a v a t n s d a l u r , b u t f r o m t h e r e 
t o t h e A l f t a f j o r d u r a r ea a s h a r p i n c r e a s e t a k e s p l a c e . T h i s i n c r e a s e 
i n a l k a l i s has been n o t e d by Jakobsson ( 1 9 7 2 ) , and he suggests t h a t 
t h e change i s due t o t h e i n c r e a s e i n d e p t l i t o Layer 4 (Palmason, 1971), 
Oxide and t r a c e elements v a r i a t i o n s i n t h e T e r t i a r y c e n t r a l volcanoes 
and t h e s u r r o u n d i n g l a v a p i l e . 
I n h i s r e c e n t work, G r o n v o l d (1972) compared t h e c h e m i s t r y o f a l l 
t h o s e c e n t r a l v olcanoes i n I c e l a n d w h i c h have been s t u d i e d f r o m t h e 
g e o c h e m i c a l a s p e c t . He showed t h a t o f e i g h t igneous s u i t e s , f o u r have 
c h e m i c a l t r e n d s t h a t a r e n e a r l y i d e n t i c a l t o t h e T h i n g m u l i t r e n d ; 
t h r e e have h i g h e r combined a l k a l i s r e l a t i v e t o s i l i c a ; and one has 
markedly l o w e r a l k a l i s r e l a t i v e t o s i l i c a compared w i t h t h e T h i n g m u l i 
t r e n d . I n t h i s s t u d y , t h e work o f G r o n v o l d (1972) w i l l be used f o r 
comparison. 
F i g , 13,1 shows v a r i a t i o n diagram? ( o x i d e o r t r a c e elements a g a i n s t 
s i l i c a ) f o r a l l t h e a n a l y s e d samples o f T e r t i a r y age, b o t h b a s a l t s and 
d i f f e r e n t i a t e s , f r o m t h e r e s e a r c h a r e a . Each c e n t r a l v o l c a n o i s marked 
s e p a r a t e l y and a p h y r i c and p o r p h y r i t i c samples a r e d i s t i n g u i s h e d . 
As mentioned e a r l i e r , t h e T e r t i a r y s u i t e s o f t h e area a r e t h o l e i i t i c 
i n c h a r a c t e r ( F i g . 1 2 , 1 ) , and have a c o n t i n u o u s c o m p o s i t i o n a l range 
e x c e p t f o r a gap i n t h e d a c i t e r e g i o n . No samples occur w i t h s i l i c a 
v a l u e s between 66 and 69%. T h i s gap o r break o c c u r s i n a l l t h e c h e m i c a l 
diagrams. I t i s known as t h e "Daly gap" (Baker, 1968) i n a l k a l i n e 
s u i t e s o f o c e a n i c i s l a n d s , b u t i n t e r m e d i a t e r o c k s are scarce r a t h e r t h a n 
absent t h e r e . I n o t h e r I c e l a n d i c s u i t e s , no gap i s a p p a r e n t l y p r e s e n t 
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a smaller compositional gap i s present between the basalts and andesites 
i n numerous anorogenic volcanic s u i t e s . The number of samples i n 
the b a s a l t i c i c e l a n d i t e region of the rocks from the research area i s 
low but no a c t u a l chemical gap i s present. 
Thus, there i s a t r i m o d a l d i s t r i b u t i o n p a t t e r n ( F i g . 13.8), w i t h 
an overwhelming m a j o r i t y of samples i n the basalt region, i c e l a n d i t e . 
r e g i o n , and r h y o l i t e region, but w i t h only a few samples f a l l i n g i n 
the b a s a l t i c i c e l a n d i t e region and i n the dacite region. Sampling e r r o r 
i s r u l e d out as a reason f o r t h i s t r i m o d a l d i s t r i b u t i o n , because a sp e c i a l 
e f f o r t was made t o sample as many a c i d and, e s p e c i a l l y , intermediate 
flows and i n t r u s i v e s as possible. I t i s i n t e r e s t i n g t h a t changes on 
the d i f f e r e n t i a t i o n trends tend t o take place i n these two regions. 
The d i f f e r e n t i a t i o n trends i n F i g . 13.1 can be broken i n t o four 
segments, each having a d i f f e r e n t slope marked by three breaks; (1) at 
the 50% s i l i c a mark, (2) at about the 52% s i l i c a mark and (3) i n the 
d a c i t e region (about 66-67% s i l i c a ) . 
The f i r s t break occurs around 50% s i l i c a , and i t marks roughly 
the boundary between the o l i v i n e t h o l e i i t e s and the quartz t h o l e i i t e s . 
The break i s most n o t i c a b l e i n A l 0 , i r o n , MgO, CaO, Na 0, Ba, and 
2 3 2 
t o a smaller extent i n TiO . MgO and CaO decrease at nearly constant 
s i l i c a u n t i l the break, but Na 0, TiO and Ba increase u n t i l the break, 
along w i t h i r o n . This break i s also present i n other Icelandic volcanic 
s u i t e s (Grbnvold, 1972). 
The second break occurs at about 52% s i l i c a , where i t marks the 
boundary between the bas a l t s and the d i f f e r e n t i a t e d rocks. This break 
i s d i s t i n c t f o r MnO and P 0 ( F i g . 13.9) but i s vague f o r the other 
ma j o r oxides. RtnO jumps from about 0.2 t o about 0.3-0.4% and P 0 2 5 
from about 0.4% t o about 0.6-0.8%. P^ O^  shows a great spread i n amount, 
from 0.3% t o 1% i n the b a s a l t i c i c e l a n d i t e region, but the spread and 
88 
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Fig. 13.8 Histogram of s i l i c a content of the 
T e r t i a r y rocks, (206 samples) from 
the Borgarfj6'rdur-Dalir area. 
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F i g . 13.9 MnO and PgOg p l o t t e d against s i l i c a f o r 
the T e r t i a r y samples. The v e r t i c a l s t r i p e s 
show the compositional range of the 
intermediate and acid rocks, and the 
h o r i z o n t a l s t r i p e s show the compositional 
range of the b a s a l t i c samples. 
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the content g r a d u a l l y decrease w i t h increasing s i l i c a . The high 
P„0 values f o r the intermediate samples have been regarded as a peak 
and the f a l l o f f towards the aci d end as caused by f r a c t i o n a t i o n of 
a p a t i t e (Sigurdsson, 1970a), but as can be seen i n Fig . 13.1, the 
co n c e n t r a t i o n of P 0 does not show any build-up from basalts t o 
2 5 
b a s a l t i c i c e l a n d i t e , only a sudden jump. This break i s abrupt i n 
nearly a l l the tr a c e elements; Ba, Y and Zn show a jump i n concentration, 
not a gradual t r e n d as would be expected i f c r y s t a l f r a c t i o n a t i o n was 
inv o l v e d . 
The t h i r d break occurs i n the d a c i t e region (66-67% SiO ) , I t 
i s very prominent and by f a r the c l e a r e s t of the breaks, e s p e c i a l l y 
amongst the t r a c e elements. The trends have d i f f e r e n t slopes on each 
side of the break, and f o r many trace elements the trend i n the r h y o l i t i c 
r e gion i s nearly prependicular t o the main trend. I r o n decreases 
f a s t e r w i t h i n c r e a s i n g s i l i c a i n the r h y o l i t i c region and A l 0 i s 
s l i g h t l y higher than expected, r e s u l t i n g i n corundum -normative r h y o l i t e s , 
which have only once before been reported from Iceland (Sigvaldason, 1974a). 
Ba and Rb increase f a s t e r w h i l e ^ Z r , Y and Zn decrease f a s t e r w i t h 
i n c r e a s i n g s i l i c a i n the r h y o l i t i c region compared w i t h the intermediate 
region. 
On Figs, 13.5 and 13.10 the major elements which show the sharpest 
break are p l o t t e d against each other. The TiO^/MgO diagram ( F i g . 13,10) 
can be d i v i d e d i n t o three d i f f e r e n t f i e l d s , where the breaks i n the 
b a s a l t i c i c e l a n d i t e region and i n . t h e d a c i t e region mark the boundaries. 
This diagram has been discussed by Gronvold (1972), who came t o s i m i l a r 
conclusions as those of the present author. I n the basalt region ( A ) , 
the samples form a n e a r - l i n e a r t r e n d , but i n the intermediate region 
(B) the samples are markedly spread i n t h e i r d i s t r i b u t i o n . I n the r h y o l i t e 
r e g i o n the t r e n d i s , again, n e a r - l i n e a r . The same arrangement i s shown 
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Fig. 13.10 TiO^ p l o t t e d against MgO. Symbols are 
the same as i n Fig. 13.5. 
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When Sr and Rb are p l o t t e d against each other on a log scale 
( F i g . 13.4), the break i n the d a c i t e region appears as an abrupt 
change of t r e n d which probably cannot be accounted f o r by p r e c i p i t a t i o n 
and subsequent removal of pl a g i o c l a s e from a magma. 
A l l t h r e e breaks are c l o s e l y r e f l e c t e d i n the petrography of 
the rocks. The f i r s t break coincides w i t h the disappearance of o l i v i n e , 
and a change from i n t e r s t i t i a l Fe-Ti oxides t o euhedral Fe-Ti oxides. 
The second break coincides w i t h the appearance of euhedral micro-
phenocrysts of magnetite, along w i t h the euhedral groundmass phase. 
The t h i r d break marks the a r r i v a l of quartz as a microphenocryst, a 
d r a s t i c r e d u c t i o n i n the amount of magnetite, and the near disappearance 
of clinopyroxene as a groundmass phase. 
The rocks of the Laugardalur c e n t r a l volcano and the Reykjadalur 
c e n t r a l volcano show s i m i l a r chemical f e a t u r e s , w h i l e the H a l l a r m u l i 
c e n t r a l volcano i s s l i g h t l y d i f f e r e n t . The l a t t e r shows much stronger 
i r o n enrichment i n the intermediate region than do the others. On the 
AFM-diagram ( F i g . 12.1) the t r e n d f o r H a l l a r m u l i i s midway between the 
Thingmuli t r e n d and the Skaergaard tr e n d . This chemical d i f f e r e n c e 
i s r e f l e c t e d i n the other c o n s t i t u e n t s : A l 0 , MgO, TiO , Sr and Rb 
are s l i g h t l y lower, but MnO, Zr, Y and Zn are higher i n the H a l l a r m u l i 
s u i t e compared w i t h the Laugardalur and the Reykjadalur s u i t e s . No 
comparison can be made i n the r h y o l i t i c region, because only one 
r h y o l i t e lava flow was found i n H a l l a r m u l i ( i g n i m b r i t e s and ash were 




The C r u s t a l S t r u c t u r e of Iceland 
Palmason (1971) studied the c r u s t a l s t r u c t u r e of Iceland i n 
some d e t a i l , and showed i t t o be s i m i l a r t o tha t of the ocean f l o o r , 
except t h a t there i s a considerably greater thickness of ci'ust 
beneath Iceland. 
He i d e n t i f i e d f o u r c r u s t a l l a y e r s , which he named layers 0, 1, 
2 and 3, and an anomalous Upper Mantle, l a y e r 4. The average P-velocity 
and approximate d e n s i t y f o r each la y e r are l i s t e d i n Table 14.1. 
Layers 0, 1 and 2 correspond approximately t o layer 2 i n the 
oceanic c r u s t , and l a y e r 3 corresponds t o the oceanic layer (bottom 
l a y e r ) . 
Layer 0 i s a maximum 1 km t h i c k , and i s the surface l a y e r i n the 
neovolcanic zones. I t consists of i n t e r g l a c i a l lava flows, p i l l o w 
lavas and h y a l o c l a s t i t e s , formed d u r i n g the l a t e r p a r t of the Quaternary 
Ice Age. Layers 1 and 2 consist of f l o o d basalts. Layer 1 i s exposed 
at the surface outside the neovolcanic zones, but layer 2 i s only 
exposed i n south-eastern Iceland. 
The depth t o the top of la y e r 3 has been mapped i n d e t a i l by 
Palmason (1971) and i t v a r i e s from 1-2 km underneath e x t i n c t c e n t r a l 
volcanoes, t o about 8-10 km i n southern Iceland. The thickness of the 
l a y e r i s u s u a l l y i n the range of 4-5 km, but t h a t are i n d i c a t i o n s 
t h a t the l a y e r i s considerably t h i c k e r i n northern Iceland 
(Palraason, 1971). 
Two cross sections have been constucted from seismic data across 
the B o r g a r f j o r d u r area (Figs. 40 and 41 i n Palmason, 1971). One i s 
NW t o SE, along the Snaefellsnes peninsula and across B o r g a r f j d r d u r 
and the neovolcanic zones i n southern Iceland; the other i s from SSW 
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Table 14.1 Average P-veLocities and average d e n s i t i e s 
f o r the various c r u s t a l layers i n 
Iceland (from Palmason, 1971). 
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t o NNE, from Reykjanes peninsula n o r t l i across the B o r g a r f j o r d u r and 
Holt a v o r d u h e i d i t o Skagi. The depth t o la y e r 3 i s about 2-3 km i n 
the area south of the Snaefellsnes f r a c t u r e zone, and the depth to the 
Moho ( t o l a y e r 4) i s about 9 km. North of the zone the depth t o la y e r 
3 increases s l i g h t l y ( t o about 4-5 km) and the depth t o layer 4 
increases d r a s t i c a l l y , to about 14-15 km. Layer 3 thus increases i n 
thickness from 6 km t o about 10-12 km. This increase i n the thickness 
of l a y e r 3 i s d i f f i c u l t t o e x p l a i n , but i t coincides w i t h areas where 
the number of c e n t r a l volcanoes i s greatest. Layer 3 i s nowhere 
exposed a t the surface, but i t comes nearest to the surface where seismic 
p r o f i l e s have been obtained across e x t i n c t c e n t r a l volcanoes. 
The composition and s t r u c t u r e of lay e r 3 are not known, and 
many hypotheses have been advanced t o e x p l a i n the nature and o r i g i n 
of the l a y e r . Cann (1974) considered the oceanic c r u s t and suggested 
t h a t a pipe-shaped magma chamber i s s i t e d permanently i n l a y e r 3, and 
t h a t dykes ( i n c l i n e d sheets) from the top of the chamber form the 
top of the l a y e r , i s o t r o p i c gabbros the c e n t r a l p a r t , and layered gabbros 
the bottom p a r t of the la y e r . Due t o the high thermal gradient and the 
a v a i l a b i l i t y of water, the upper pa r t of the lay e r may be metamorphosed 
to the amphibolite f a c i e s . 
Christiansen (1970) studied the compressional wave v e l o c i t i e s i n 
rocks ( i n the l a b o r a t o r y ) and found t h a t the v e l o c i t i e s were consistent 
w i t h an oceanic c r u s t composed of an assemblage of hornblende and 
pla g i o c l a s e . He suggested t h a t the oceanic l a y e r ( l a y e r 3) i s formed 
by t h o l e i i t i c magmas c r y s t a l l i z e d under hydrous conditions. 
Layers 1 and 2 above l a y e r 3 i n Iceland, are b a s a l t i c i n composition, 
and the d i f f e r e n t . P - v e l o c i t i e s and d e n s i t i e s may be caused by 
d i f f e r e n c e s i n low-grade metamorphism (Tr. Einarsson, 1965) which, l i k e 
the c r u s t a l l a y e r i n g , cuts the s t r a t i f i c a t i o n of the lava p i l e . 
Layer 4 (the Upper Mantle) probably c o n s i s t s of p e r i o d o t i t e or 
196 
p y r o l i t e of a k i n d capable of producing b a s a l t i c magma by p a r t i a l 
m e l t i n g . 
L i t t l e i s known about the composition of lay e r 3 i n Iceland, 
but i t i s most l i k e l y b a s a l t i c i n composition, and the 2/3 i n t e r f a c e 
e i t h e r represents a raetamorphic isotherm, or i t i s formed by 
i n t r u s i v e a c t i v i t y (Gronvold, 1972), 
Gronvold came to the conclusion t h a t l a y e r 3 i s i n t r u s i v e , but 
otherwise c o m p o s i t i o n a l l y s i m i l a r t o the higher l a y e r s . I.B. F r i d l e i f s s o n 
( i n prep.) also favours an i n t r u s i v e o r i g i n f o r layer 3, but he 
believes t h a t the upper l i m i t c f the l a y e r i s c o n t r o l l e d by the type 
of host rock, and he suggests t h a t the i n t r u s i v e magma r i s e s as high 
as the h i g h l y a l t e r e d lavas, and then tends t o spread out l a t e r a l l y 
r a t h e r than p e n e t r a t i n g the pro g r e s s i v e l y harder lava p i l e of l a y e r 2. 
The 2/3 i n t e r f a c e would t h e r e f o r e be a "metamorphic boundary" depending 
on the degree of a l t e r a t i o n . 
Walker (1957b) describes, i n h i s recent paper, an i n t r u s i v e sheet 
swarm i n south-eastern Iceland and he argues t h a t layer 3 could be 
composed of s i m i l a r sheet swarms. He proposes t h a t a magma reaches 
the surface only when i t s density i s lov/er than t h a t of the rocks 
through which i t has to~pass; the magma w i l l tend t o form i n t r u s i v e 
sheets where i t s density equals the density of the country rocks. 
The d e n s i t y of the magma changes as i t ascends and at some stage, i n 
the upper c r u s t , the magma b o i l s ( i . e . v e s i c u l a t e s ) ; t h i s i s the 
" c r i t i c a l d e n s i t y l e v e l " where the density of the magma i s d r a s t i c a l l y 
reduced. The depth of v e s i c u l a t i o n depends on the amount of v o l a t i l e s 
i n the raagam, but may be less than 1 km (Walker, 1975b). The magma 
w i l l probably ascend q u i c k l y t o the surface when i t passes the " c r i t i c a l 
d e n s i t y l e v e l " , because of the reductions i n the magma density. 
Gronvpld (1972) believes t h a t the mechanism of formation of layer 3 
c; 
i s as f o l l o w s : - Magma, formed by p a r t i a l m e l t i n g of perido^e-type m a t e r i a l 
19 
3 i n the Upper Mantle, has a density of 2.65 t o 2.70 g/cm and thus 
i t can r i s e through t l i e Upper Mantle and la y e r 3 u n t i l i t reaches 
the l a y e r 3/2 boundary where i t loses i t s buoyancy because l a y e r 2 
i s l i g h t e r than the magma. The magma i s then pushed l a t e r a l l y by 
more magma from beneath. This magma then c r y s t a l l i s e s t o form a 
pa r t of l a y e r 3 and subsides i n a s i m i l a r manner t o the volcanic 
layers above. This process continues u n t i l l a y e r 3 has thickened 
s u f f i c i e n t l y f o r the magma t o pass the " c r i t i c a l density l e v e l " . The 
magma w i l l then be able t o r i s e t o the surface, leading to thick e n i n g 
of the l a y e r s 1 and 2 u n t i l the top of la y e r 3 moves below the " c r i t i c a l 
d e n s i t y l e v e l " ( F i g . 14,1). 
Basalt Genesis 
I c e l a n d i c basalts span the e n t i r e compositional range of the 
world's observed oceanic t h o l e i i t e s , but when volume and frequency are 
taken i n t o account the Ic e l a n d i c basalts are d i s t i n c t i v e l y higher i n 
a l k a l i s , and have higher iron/magnesium r a t i o s (Sigvaldason, 1969). 
Oceanic b a s a l t s may be derived from the Upper Mantle through two possible 
processes:-
1. O'Hara (1968) concluded, from h i s experimental work, 
t h a t the observed low pressure e q u i l i b r i u m r e l a t i o n s h i p s 
may, through f r a c t i o n a t i o n during ascent from greater 
depths, a c t u a l l y represent i n i t i a l high pressure 
d e r i v a t i o n . 
2. The other, now widely accepted hypothesis, i s that 
oceanic t h o l e i i t e s are formed at a r e l a t i v e l y shallow 
depth, and t h a t t h e i r chemical v a r i a t i o n s are a subtle 
r e f l e c t i o n of the degree and depth of p a r t i a l melting 
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F i g . 14.1 A sketch demonstrating the r e l a t i o n s h i p s between the d e n s i t i e s 
of r i s i n g magma and the c r u s t a l layers. z, density of r i s i n g 
magma; y, density of the c r u s t a l l a y e r s ; x, onset of v e s i c u l a t i o n 
( " c r i t i c a l density l e v e l " ) . 
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The f i r s t hypothesis involves the f r a c t i o n a t i o n of orthopyrexene 
from a primary magma at intermediate pressures or p r e c i p i t a t i o n of 
o l i v i n e and pl a g i o c l a s e d u r i n g ascent (Kay et a l . , 1970). Plagioclase 
f r a c t i o n a t i o n can be r u l e d out, because of the small or absent negative 
Eu anomaly i n I c e l a n d i c basalts (Shimokawa and Masuda, 1972; O'Nions 
and Gronvold, 1973), Samples which are high i n A l 0 are us u a l l y 
high i n MgO, so th a t i f p l a g i o c l a s e f r a c t i o n a t i o n does not take place, 
then n e i t h e r does o l i v i n e f r a c t i o n a t i o n . Extensive f r a c t i o n a t i o n of 
orthopyroxene, e s p e c i a l l y at intermediate pressures (9 kb), would 
create a continuum of basalts from o l i v i n e t h o l e i i t e t o high-alumina 
b a s a l t (Green and Ringwood, 1967). This also c o n f l i c t s w i t h the f a c t 
t h a t h igh A l 0 i s u s u a l l y accompanied by high MgO, and i t may thei-efore 
preclude c r y s t a l f r a c t i o n a t i o n as the explanation of the chemical 
v a r i a t i o n s found i n oceanic t h o l e i i t e s . 
The second hypothesis i s more a t t r a c t i v e , " Experiments r e l a t i n g 
t o c r y s t a l f r a c t i o n a t i o n have been c a r r i e d out i n the l a s t two decades 
on various oceanic t h o l e i i t e s , and the r e s u l t s have been applied t o 
determine the l i q u i d trends r e s u l t i n g from c r y s t a l f r a c t i o n a t i o n , i n 
closed systems, at d i f f e r e n t pressures. I f the c r y s t a l l i z i n g phases 
are the same, f r a c t i o n a l m e l t i n g (or p a r t i a l m e l ting) may be considered 
as the reverse process of f r a c t i o n a l c r y s t a l l i z a t i o n (Green et a l . , 1967), 
Green and Ringwood (1967) have conducted d e t a i l e d experimental studies 
on the genesis of basci t i c magmas, and have demonstrated t h a t changes 
i n pressure may be the main c o n t r o l l i n g f a c t o r i n the trend of 
f r a c t i o n a l m e l t i n g ( p a r t i a l m e l ting) of mantle m a t e r i a l ( p y r o l i t e ) , 
w h i l e Green (1971), asserts the importance of both depth and degree of 
p a r t i a l m e l t i n g on magma genesis. P a r t i a l m e l t i n g of p y r o l i t e a t 
shallow depths (0-15 km) under corresponding P-T conditions would 
y i e l d , w i t h a low degi-ee of p a r t i a l m e l t i n g , quartz t h o l e i i t i c l i q u i d s , 
y i e l d i n g o l i v i n e t h o l e i i t e s w i t h a l a r g e r degree of p a r t i a l melting. • 
At intermediate depths (15-35), p a r t i a l m elting would y i e l d l i q u i d s 
of high-alumina basalt type, which i t s e l f may undergo f r a c t i o n a l 
c r y s t a l l i z a t i o n a t shallower l e v e l s leading t o quartz t h o l e i i t e s . 
A l a r g e degree of p a r t i a l m e l t i n g at deeper l e v e l s (35-70 km) 
would y i e l d o l i v i n e t h o l e i i t e , but a small degree of p a r t i a l m elting 
at the same depths y i e l d s a l k a l i o l i v i n e b a s alt. 
Trace elements may r e f l e c t p a r t i a l m e l t i n g r e l a t i o n s h i p s . Cast 
(1968) s t u d i e d the p a r t i t i o n c o e f f i c i e n t s of some trace elements 
d u r i n g p a r t i a l m e l t i n g , and ho found t h a t K, Rb, Ba and Sr were 
g r e a t l y enriched i n the f i r s t l i q u i d produced. He suggested t h a t 
the degree of p a r t i a l m e l t i n g i s responsible f o r the d i f f e r e n t 
dispersed element contents of undersaturated and ocean ridge l i q u i d s , 
and i n p a r t i c u l a r t h a t ocean ridge basalts are produced by extensive 
p a r t i a l m e l t i n g d u r i n g a d i a b a t i c decompression, associated w i t h convection 
c e l l s under the r i d g e s , whereas a l k a l i n e basalts r e s u l t from a much 
lower degree of p a r t i a l m e l t i n g , Sigvaldason (1974a) believes t h a t 
potassium content r e f l e c t s t h ^ degree of p a r t i a l melting. 
Trace element behaviour could also be applied t o e x p l a i n the 
d i f f e r e n c e s between the o l i v i n e t h o l e i i t e s and quartz t h o l e i i t e s of 
the research area. The o l i v i n e t h o l e i i t e s are lower i n K, Rb, Ba 
and Sr than the quartz t h o l e i i t e s , and they could therefore be 
expla'.ined by extensive p a r t i a l m e l t i n g (probably at s l i g h t l y greater 
depths), when compared w i t h quartz t h o l e i i t e s formed by a smaller degree 
of p a r t i a l m e l t i n g . 
TiO and Zr are believed t o be pressure (= depth) dependent 
(MacGregor, 1965). F i g . 14,2 shows a. strong c o r r e l a t i o n between 
these two components i n the T e r t i a r y Icelandic samples. Even though 
i t seems obvious t h a t r e l a t i o n s h i p s between the o l i v i n e t h o l e i i t e s and 
quartz t h o l e i i t e s could be explained by the degree of p a r t i a l m elting, 
the depth ( i . e . pressure) of the s i t e of p a r t i a l m elting i s also 
important. 
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202 
I t . i s thus possible t o conclude t h a t the T e r t i a r y basalt 
volcanics were formed by p a r t i a l m e lting of the Upper Mantle, 
( p e r i d o t i t e or p y r o l i t e - t y p e m a t e r i a l ) and t h a t the o l i v i n '.e 
t h o l e i i t e s are formed by extensive p a r t i a l m e l t i n g at greater depths 
than the quartz t h o l e i i t e s . I n the l i g h t of the evidence discussed, 
the suggestion (Sigvaldason et a l . , 1974) t h a t quartz t h o l e i i t e s are 
formed at greater depths than o l i v i n e t h o l e i i t e s i s not acceptable. 
The preseiit-day p a t t e r n of volcanics i n the Reykjanes-Langj(5kull 
neovolcanic zone (Jakobsson, 1972), and west along the Snaefellsnes 
peninsula, presents an i n t e r e s t i n g problem because of the change i n 
the chemical c h a r a c t e r i s t i c s of the volcanics away from the r i f t i n g 
a x i s . The t r a n s i t i o n from o l i v i n e t h o l e i i t e s (even of high-alumina type) 
through t r a n s i t i o n a l type basalts w i t h increase i n K^ O, Rb etc, (some 
of which are also very high i n alumina), to a l k a l i basalts (see Fig, 
13,7) may r e f l e c t a l a t e r a l change i n the s t r u c t u r e and perhaps 
composition of the c r u s t and Upper Mantle, or l a t e r a l d i f f e r e n c e s i n 
the thermal c o n d i t i o n s of the c r u s t and Upper Mantle. 
The change i n b a s a l t type i s probably cuased by an increase i n 
depth t o the p a r t i a l m e l t i n g zone, and/or d i f f e r e n t degrees of 
p a r t i a l m e l t i n g . The thermal model proposed by Oxburgh and Turcotte 
(1968) can be applied t o e x p l a i n t h i s v a r i a t i o n . They argue t h a t the 
isotherms form a mushroom-shaped p a t t e r n beneath the ocean ridge 
s t r u c t u r e , such t h a t the depth t o a p a r t i c u l a r isotherm w i l l increase 
away from a r i f t i n g a z i s . This would mean an increase i n depth t o 
the beginning of m e l t i n g , away from the axis . The composition of 
the p a r t i a l melt w i l l change away from the axis because the composition 
w i l l be a f f e c t e d by pressure. Even though pressure i s an important 
f a c t o r , the extent of p a r t i a l m e l t i n g i s also important. I t i s thus 
possible t h a t both these f a c t o r s are working concurrently and would 
r e s u l t i n a high a l k a l i content i n the l i q u i d s generated away from 
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t h e r i f t i n g a x i s . T h i s process must occur a t p r e s s u r e s of more 
t h a n 9 kb (15 km), because o f t h e l o w - p r e s s u r e t h e r m a l d i v i d e between 
t h o l e i i t e s and a l k a l i b a s a l t s . Below 9 k b , a l k a l i b a s a l t cannot be 
produced f r o m t h e same p a r e n t a l m a t e r i a l as t h o l e i i t e s (Yoder and 
T i l l e y , 1962), 
The p e t r o g r a p h y r e f l e c t s t h e o r i g i n o f t h e T e r t i a r y b a s a l t s . 
I t s u p p o r t s t h e proposed mechanism, and even p u t s p r e s s u r e l i m i t s on 
t h e f o r m a t i o n o f t h e q u a r t z t h o l e i i t e s . O l i v i n e i s r a r e as a p h e n o c r y s t , 
and n e a r l y absent as a groundmass phase i n t h e q u a r t z t h o l e i i t e s . T h i s 
s u g g e s t s t h a t t h e q u a r t z t h o l e i i t e s have been g e n e r a t e d by p a r t i a l 
m e l t i n g a t p r e s s u r e s l e s s t h a n 9 kb (15 km), because o l i v i n e i s a 
l i q u i d u s phase up t o t h a t p r e s s u r e b u t n o t a t h i g h e r p r e s s u r e s 
(Green and Ringwood, 1967), A l t e r n a t i v e l y , t h e e x p e r i m e n t a l d a t a 
c o n s t r a i n s t h e l i q u i d s so t h a t t h e magma c o m p o s i t i o n , f r a c t i o n a t i n g 
as i t r i s e s , becomes q u a r t z t h o l e i i t i c a t depths l e s s t h a n 9 kb. There 
i s no s i m i l a r c o n s t r a i n t on t h e d e p t h o f o r i g i n o f t h e o l i v i n e t h o l e i i t e 
magmas, a l t h o u g h g e o l o g i c a l l y i t m i g h t be suggested t h a t t h e y a r e d e r i v e d 
a t s i m i l a r ( o r g r e a t e r ) depths t o t h e q u a r t z t h o l e i i t e s , w i t h l a r g e r 
degrees o f p a r t i a l m e l t i n g . 
P l a g i o c l a s e i s t h e most common and promin e n t p h e n o c r y s t i n t h e 
b a s i c r o c k s , and i t s amount has caused some concern. E x p e r i m e n t a l 
work by E m s l i e (1971) on t h e s y n t h e t i c system d i o p o s i d e - e n s t a t i t e -
a n o r t h i t e ^ a l b i t e ^ ^ shows t h a t t h e r e i s an e x p a n s i o n o f t h e p l a g i o c l a s e 60 40 
volume a t a t m o s p h e r i c p r e s s u r e ( m a i n l y a t t h e expense of d i o p s i d e ) , 
compai^ed w i t h b e h a v i o u r a t 15 kb. B a s a l t i c magmas which are c o t e c t i c 
a t t h e d e p t h o f o r i g i n , w i l l , when e x t r u d e d , have a l i q u i d c o m p o s i t i o n 
w h i c h l i e s w i t h i n t h e p l a g i o c l a s e phase volume; e x p l a i n i n g t h e 
f e l d s p a r - p h y r i c b a s a l t s w i t h f e l d s p a r as t h e f i r s t p h e n o c r y s t . 
The F e - T i o x i d e s d i f f e r i n t h e two t y p e s o f T e r t i a r y b a s a l t . 
An i n t e r s t i t i a l , l a t e c r y s t a l l i z i n g phase i s found i n t h e o l i v i n e 
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t h o l e i i t e s , and an e u h e d r a l , e a r l y c r y s t a l l i z i n g phase occurs i n 
t h e q u a r t z t h o l e i i t e s . N e s b i t t and H a m i l t o n (1970) d e s c r i b e d t h e 
e f f e c t o f v a r y i n g ozygen f u g a c i t y on t h e c r y s t a l l i z a t i o n o f a l k a l i 
o l i v i n e b a s a l t s . T h e i r r e s u l t s do n o t a p p l y d i r e c t l y t o t h e T e r t i a r y 
t h o l e i i t e s , because o f t h e d i f f e r e n t c h e m i s t r y . However, t h e d a t a may 
i n d i c a t e t h e main e f f e c t o f c h a n g i n g t h e oxygen f u g a c i t y . They found 
t h a t l o w e r i n g t h e oxygen f u g a c i t y r e s u l t e d i n t h e l a t e r appearance o f 
m a g n e t i t e . T h i s i m p l i e s t h a t t h e q u a r t z t h o l e i i t e s c r y s t a l l i z e d a t 
a h i g h e r oxygen f u g a c i t y t h a n t h e o l i v i n e t h o l e i i t e s . The o c c u r r e n c e 
o f e u h e d r a l m i c r o p h e n o c r y s t s o f m a g n e t i t e a l o n g w i t h e u h e d r a l groundmass 
phases, i n more s i l i c i c r o c k s , i n d i c a t e s even h i g h e r oxygen f u g a c i t i e s , 
p r o b a b l y accompanied by s h a l l o w e r depths o f o r i g i n . 
^ The e x p e r i f u e n t a l e v i d e n c e o f Green and Ringwood ( 1 9 6 7 ) , which 
s u g g e s t s t h a t t h e q u a r t z t h o l e i i t e s a r e d e r i v e d f r o m depths o f l e s s 
t h a n 15 km, i s s u p p o r t e d by m a g n e t o t e l l u r i c measurements c a r r i e d out 
by Hermance and G r i l l o t ( 1 9 7 4 ) . These suggest t h a t magmatic 
t e m p e r a t u r e s p r e v a i l now a t 10-15 km depths beneath I c e l a n d . 
The d i f f e r e n c e s i n c h e m i s t r y between t h e I c e l a n d i c b a s a l t s 
and o c e a n i c t h o l e i i t e s must be e x p l a i n e d by d i f f e r e n c e s i n t h e c o m p o s i t i o n 
o f t h e Upper Mantle m a t e r i a l w h i c h produces t h e p a r t i a l m e l t . J-G. 
S c h i l l i n g (lUGG m e e t i n g 1975) showed t h a t REE and Sr /Sr r a t i o s , 
as w e l l as a l k a l i s , a r e h i g h e r i n I c e l a n d . He p o s t u l a t e d t h a t I c e l a n d 
and t h e A z o r e s are " p l a t f o r m " areas a l o n g t h e Ridge, where magmas are 
d e r i v e d f r o m a d i f f e r e n t mantle source t h a n t h e Ridge b a s a l t s . These 
d i f f e r e n c e s cannot be r e l a t e d t o d i f f e r e n t degrees o f f r a c t i o n a t i o n 
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o r p a r t i a l m e l t i n g , because Sr /Sr r a t i o s d i f f e r . Rocks f r o m t h e 
I c e l a n d r e g i o n show u n d e p l e t e d S r - i s o t o p e r a t i o s (O'Nions and 
P a n l i h u r s t , 1974) and u n d e p l e t e d REE p a t t e r n s ( S c h i l l i n g , 1973) 
s u g g e s t i n g t h a t t h e Upper M a n t l e beneath I c e l a n d i s u n d e p l e t e d m a t e r i a l , 
p r o b a b l y d e r i v e d f r o m a g r e a t d e p t h t h r o u g h c o n v e c t i o n w h i c h g i v e s r i s e 
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t o a m a n t l e plume. The m a t e r i a l t h e n spreads o u t by a s t h e n o s p h e r i c 
f l o w away f r o m t h e m a n t l e plume (Vog t , 1971). S i g v a l d a s o n e t a l . , 
(1974) argue: t h a t t h e mantle becomes c h e m i c a l l y d e p l e t e d , as i t 
spreads f u r t h e r away f r o m t h e r i d g e a x i s , t h r o u g h magma removal. 
The O r i g i n o f I n t e r m e d i a t e and A c i d Rocks 
The i n t e r m e d i a t e and a c i d r o c k s i n I c e l a n d are c l o s e l y 
a s s o c i a t e d w i t h c e n t r a l v o l c a n o e s and occur r a r e l y o u t s i d e them. 
The volume o f a c i d r o c k s i n I c e l a n d has p u z z l e d p e t r o l o g i s t s f o r 
some t i m e . A c i d r o c k s i n e a s t e r n I c e l a n d c o n s t i t u t e up t o 9% o f 
t h e s u c c e s s i o n i n r e s t r i c t e d areas (Walker, 1966) and S i g u r d s s o n 
(1966) e s t i m a t e d t h e volume o f a c i d r o c k s i n t h e whole c o u n t r y a t 
about 10% o f t h e exposed v o l c a n i c s . I n t h e resea^-ch a r e a , s t r a t i g r a p h i c a l l y 
below t h e H o l t a v o r d u h e i d i s e d i m e n t a r y h o r i z o n , t h e i n t e r m e d i a t e and 
a c i d r o c k s make up, on average, about 15% o f t h e l a v a p i l e , b u t up t o 
20% o f more i n t h e c e n t r a l v olcanoes themselves. About t w o - t h i r d s o f 
t h e s e r o c k s a r e r h y o l i t i c i n c o m p o s i t i o n . ' 
C o n c e r n i n g t h e o r i g i n o f t h e i n t e r m e d i a t e and a c i d magmas, t h e 
S r - i s o t o p e r a t i o s and P b - i s o t o p e r a t i o s a re i n d i s t i n g u i s h a b l e f r o m 
t h o s e o f t h e b a s a l t i c r o c k s (Moorbath and Walker, 1965; Welke e t a l . , 
1968). R e f r a c t i o n s t u d i e s (Palmason, 1971) do n o t i n d i c a t e t h e 
e x i s t e n c e o f a s i a l i c l a y e r u n d e r n e a t h I c e l a n d , t h u s e x c l u d i n g 
a s s i m i l a t i o n o f a c i d m a t e r i a l f r o m s i a l i c s u b s t r a t a . The i n t e r m e d i a t e 
and a c i d r o c k s must t h e r e f o r e be d e r i v e d f r o m a b a s a l t i c p a r e n t 
m a t e r i a l , e i t h e r by means o f c r y s t a l f r a c t i o n a t i o n o r p a r t i a l m e l t i n g 
( o r b o t h ) . C a r m ichael (1964) and S i g u r d s s o n (1970a) f a v o u r e d c r y s t a l 
f r a c t i o n a t i o n b u t G r o n v o l d (1972) and S i g v a l d a s o n (1974b) f a v o u r p a r t i a l 
m e l t i n g . 
B o t h f i e l d and geochemical e v i d e n c e shed l i g h t on t h e o r i g i n and 
e v o l u t i o n o f t h e i n t e r m e d i a t e and a c i d r o c k s . 
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( a ) F i e l d e v i d e n c e 
As mentioned above, t h e amount o f i n t e r m e d i a t e and e s p e c i a l l y o f 
a c i d r o c k s has caused con c e r n , because o f t h e s m a l l amount o f a c i d 
l i q u i d e x t r a c t a b l e f r o m a b a s a l t i c p a r e n t a l magma. Carmichael ( 1 9 6 4 ) , 
on t h e b a s i s o f t h e o r e t i c a l c a l c u l a t i o n s , f o u n d t h a t an extreme and 
t h o r o u g h f r a c t i o n a t i o n c o u l d y i e l d \2% o f a c i d l i q u i d f r o m a 
t h o l e i i t e b a s a l t p a r e n t and 7% f r o m an o l i v i n e b a s a l t p a r e n t . Wager 
and Brown (1968) argued t h a t between 0 and 7% o f a c i d l i q u i d m ight 
be produced by f r a c t i o n a t i o n o f an o l i v i n e t h o l e i i t e magma o f 
Sk a e r g a a r d - t y p e . I t i s u n l i k e l y t h a t f r a c t i o n a t i o n o f a b a s i c . 
magma would g o t o an extreme s t a g e , w i t h o u t b e i n g i n t e r r u p t e d by• 
v o l c a n i c a c t i v i t y . The a u t h o r b e l i e v e s t h a t c r y s t a l f r a c t i o n a t i o n cannot 
t a k e p l a c e t o any g r e a t e x t e n t e x c e p t i n t e c t l o n i c a l l y q u i e t a r e a s , 
w h i c h a u t o m a t i c a l l y e x c l u d e s e x t e n s i v e f r a c t i o n a t i o n beneath I c e l a n d i c 
c e n t r a l v o l c a n o e s . Thus, o n l y s m a l l degrees o f f r a c t i o n a t i o n o f 
b a s a l t i c magma can be used t o account f o r t h e range o f magma 
c o m p o s i t i o n s f r o m b a s i c t o a c i d . 
I n s i d e a c e n t r a l v o l c a n o l i k e t h e R e y k j a d a l u r c e n t r a l v o l c a n o 
( w h i c h i s about 25-30 km i n d i a m e t e r ) , t h e combined i n t e r m e d i a t e 
and a c i d r o c k s can make up t o 15-20% o r more o f t h e exposed v o l c a n i c s , 
w i t h t w o - t h i r d s o f t h a t C'O/urne b e i n g a c i d v o l c a n i c s . I f t h e r o c k s 
exposed a t t h e s u r f a c e a r e r e p r e s e n t a t i v e o f t h e v o l c a n i c p r o d u c t i o n 
d u r i n g t h e l i f e - t i m e o f t h e c e n t r a l v o l c a n o , t h i s h i g h p r o p o r t i o n 
o f a c i d r o c k s would exceed a l l r e a s o n a b l e models f o r c r y s t a l 
f r a c t i o n a t i o n . S i g u r d s s o n (1966) argued t h a t t h e a c i d r o c k s exposed 
a t t h e s u r f a c e d i d n o t have t o r e p r e s e n t t r u e volume r e l a t i o n s , because 
t h e a c i d magmas were l i g h t e r and t h e r e f o r e tended t o r i s e t o t h e 
s u r f a c e , r a t h e r t h a n b e i n g t r a p p e d a t de p t h i n t h e p i l e . T h i s i s , 
hov/ever, d o u b t f u l because i n s o u t h - e a s t e r n I c e l a n d a c i d r o c k s occur 
i n l a y e r 1 and t o t h e l i m i t s o f exposure, i n t h e upper p a r t o f 
l a y e r 2; t h e r e t h e y even c o n s t i t u t e a h i g h e r p r o p o r t i o n o f t h e p i l e 
t h a n observed f o r t h e upper p a r t o f l a y e r 1. T h i s , i f s o u t h - e a s t e r n 
I c e l a n d i s r e p r e s e n t a t i v e o f I c e l a n d as a whole, suggests t h a t a c i d 
r o c k s a r e e v e n l y d i s t r i b u t e d i n c e n t r a l v o l c a n o e s , t h r o u g h o u t l a y e r 1 
and a t l e a s t t h e upper p a r t o f l a y e r 2. 
I f c r y s t a l f r a c t i o n a t i o n i s r e s p o n s i b l e f o r t h e g e n e r a t i o n o f 
t h e i n t e r m e d i a t e and a c i d r o c k s , huge l a y e r e d b a s i c i n t r u s i o n s c o u l d 
be e x p e c t e d a t d e p t h , presumably w i t h i n t h e c r u s t . No p r o p e r l a y e r e d 
i n t r u s i o n s have been f o u n d i n I c e l a n d , but Roobol (1972) has d e s c r i b e d 
s i z e - g r a d e d l a y e r i n g i n a gabbro i n t r u s i o n i n s o u t h - e a s t e r n I c e l a n d . 
S imple c a l c u l a t i o n s can i n d i c a t e t h e volume o f m a t e r i a l i n v o l v e d 
i n a c r y s t a l f r a c t i o n a t i o n process o f t h e s c a l e needed t o account 
f o r t h e amount o f a c i d r o c k s observed. We can s a f e l y assume t h a t a c i d 
r o c k s ( i . e . r h y o l l t i c i n c o m p o s i t i o n ) make up 10% o f t h e t o p 2 km 
i n a c e n t r a l v o l c a n o 25 km i n d i a m e t e r . To s i m p l i f y such a model i t 
i s assumed t h a t no a c i d r o c k s a r e p r e s e n t i n t h e c r u s t f r o m 2 km 
down t o t h e l a y e r 2/3 i n t e r f a c e , w h i c h i s h i g h l y u n l i k e l y . 
Two c r u s t a l models w i l l be used and t h e y a r e s c h e m a t i c a l l y 
i l l u s t r a t e d i n F i g . 14.3. These c r u s t a l models a r e based on t h e two 
main t y p e s o f c r u s t p r e s e n t i n t h e area (see F i g s . 40 and 41 i n 
Palmason, 19 7 1 ) : -
( 1 ) a s t r u c t u r e s i m i l a r t o t h a t o f t h e s o u t h e r n p a r t o f t h e area and 
( 2 ) s i m i l a r t o t h e t h i c k e r c r U s t a l s t i - u c t u r e n o r t h o f t h e S n a e f e l l s n e s 
zone. 
3 
The volume o f t h e t o p 2 km i s about 980 km and t h e a c i d r o c k s i n 
3 
t h e s e t o p 2 km amounts t h u s t o about 98 km . The volume o f l a y e r 3 
3 3 
amounts t o 2700 km and 4900 km f o r o p t i o n s (1) and (2) r e s p e c t i v e l y . 
The a c i d r o c k s i n t h e t o p 2 km amount , t o about 3.6% and 2.0% of l a y e r 3 





Tota l volume of ac id r o c k s in the top 2 
km of the c r u s t is about 98 km^ 
I f ac id magmos ore g e n e r a t e d by c rys ta l 
f r a c f i o n o t i o n of basa l t i c magmu (yie ld ing 
- 5 % of oc id l iquid) in Layer 3, abou t 
1960 km-^of basa l t ic monma are needed to 
p roduce 9 6 k m ^ o f G c i d l iqu id ; i.e. abou t 
7 0 % ond i O % of Layer 3, respec t i ve ly 
for op t i on (1) and (2), must be involved 
in the p rocess . 
OPTION (1) 
J — 2 5 k m - H 
Moha 
980 knf 
— ^ — M o t i o . 
F i g . 14.3 Simple model d e m o n s t r a t i n g volume r e l a t i o n s i n t h e c r u s t 
b e neath c e n t r a l v o l c a n o e s . 
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o f t h e p i l e t h e f i g u r e s would be 7.2% and 4%, 
E a r l i e r , the amount o f c r y s t a l f r a c t i o n a t i o n v/as d i s c u s s e d 
and i t was argued t h a t i t would never r e a c h an extreme s t a g e . I f 
we assume t h a t t h e c r y s t a l f r a c t i o n a t i o n c o u l d y i e l d about 5% o f 
3 
a c i d l i q u i d , about 1960 km a r e needed t o produce t h e r e q u i r e d 
volume o f a c i d r o c k s , t h u s i n v o l v i n g more t h a n 70% o f t h e t o t a l 
volume o f l a y e r 3 f o r o p t i o n ( 1 ) , and 40% f o r o p t i o n ( 2 ) , These 
f i g u r e s r a t h e r d i s c o u r a g e c r y s t a l f r a c t i o n a t i o n as t h e process 
y i e l d i n g l a r g e q u a n t i t i e s o f a c i d l i q u i d s , because i t i s h i g h l y 
u n l i k e l y t h a t h a l f o r more o f l a y e r 3 i s i n v o l v e d i n t h e process 
o v e r a g e o l o g i c a l l y s h o r t p e r i o d o f t i m e ; f u r t h e r m o r e , t h i s would 
l e a v e a c o n s i d e r a b l e p a r t o f l a y e r 3 as a more dense residuum, f o r 
v/hich thei^e i s no e v i d e n c e . No x e n o l i t h s o f u l t r a b a s i c o r l a y e r e d 
b a s i c r o c k s have been d e s c r i b e d f r o m I c e l a n d , 
A n o t h e r i n t e r e s t i n g f e a t u r e , d i s c o v e r e d d u r i n g t h e f i e l d w o r k , 
Is t h e e x t r u s i v e sequence o f t h e b a s a l t i c and a c i d r o c k s . Most o f 
t h e i n t e r m e d i a t e and a c i d r o c k s o f t h e R e y k j a d a l u r c e n t r a l v o l c a n o 
were e x t r u d e d p r i o r t o t h e main b a s a l t i c v o l c a n i s m i n t h e c e n t r a l 
v o l c a n o ( t h i n - l a y e r e d s e r i e s ) . The a c i d r o c k s a l s o t e n d t o be 
s l i g h t l y e a r l i e r t h a n t h e i n t e r m e d i a t e r o c k s . I n t h e H a l l a r m u l i 
c e n t r a l v o l c a n o , t h e a c i d i c i g n i m b r i t e s were e x t r u d e d p r i o r t o most 
o f t h e i n t e r m e d i a t e l a v a f l o w s . S i g v a l d a s o n (1974b) s t u d i e d t h e 
p e t r o l o g y and g e o c h e m i s t r y o f Hekla and fo u n d t h a t t h e a c i d and 
i n t e r m e d i a t e l i q u i d s were s e p a r a t e d i n t i m e , t h e a c i d l i q u i d b e i n g 
e a r l i e r t h a n t h e i n t e r m e d i a t e one, a l t h o u g h c o n s i d e r a b l e o v e r l a p 
e x i s t e d . Thus i t i s c l e a r t h a t g r e a t volumes of i n t e r m e d i a t e and 
a c i d r o c k s a r e e x t r u d e d e a r l y i n t h e h i s t o r y o f a c e n t r a l v o l c a n o and 
t h e r e i s s t r o n g e v i d e n c e t h a t t h e a c i d r o c k s a r e e x t r u d e d e a r l i e r t h a n 
t h e i n t e r m e d i a t e r o c k s . T h i s c o n t r a d i c t s t h e c r y s t a l f r a c t i o n a t i o n 
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model because i t would be e x p e c t e d t h a t t h e i n t e r m e d i a t e r o c k s would 
be g e n e r a t e d e a r l i e r t h a n t h e a c i d ones. I t a l s o might be expected 
t h a t b a s a l t i c v o l c a n i s m would be v i g o r o u s a t t h e b e g i n n i n g o f such 
a f r a c t i o n a t i o n c y c l e . 
The volume d i s t r i b u t i o n between t h e i n t e r m e d i a t e and a c i d 
r o c k s i s a l s o i n t e r e s t i n g , because t h e a c i d r o c k s appear i n much 
g r e a t e r q u a n t i t i e s t h a n t h e i n t e r m e d i a t e r o c k s . The c r y s t a l 
f r a c t i o n a t i o n h y p o t h e s i s suggests t h e o p p o s i t e and t h e r e f o r e 
c r y s t a l f r a c t i o n a t i o n cannot e x p l a i n t h i s d i s t r i b u t i o n p a t t e r n ; 
w h i l e i t f a v o u r s a p a r t i a l m e l t i n g o r i g i n . A l s o , t h e c o m p o s i t i o n 
gap between t h e a c i d and i n t e r m e d i a t e v o l c a n i c s s h o u l d be e x p l a i n e d , 
and i t i s d i f f i c u l t t o do t h i s w i t h a f r a c t i o n a t i o n model, 
(b ) Geochemical e v i d e n c e 
The g e o c h e m i s t r y o f t h e i n t e r m e d i a t e and a c i d r o c k s was 
d e s c r i b e d i n Chapter 13. The break i n t h e b a s a l t i c f i e l d has been 
e x p l a i n e d as t h e r e s u l t o f d i f f e r e n t degrees and/or depths o f p a r t i a l 
m e l t i n g o f Upper M a n t l e m a t e r i a l . The second break, between t h e 
i n t e r m e d i a t e and b a s a l t i c r o c k s , i s more pronounced f o r t h e t r a c e 
c o n s t i t u e n t s ( i n c l u d i n g MnO and P„0-) t h a n f o r t h e major elements. 
The main c h a r a c t e r i s t i c o f t h i s break i s t h e a b r u p t i n c r e a s e o r jump 
i n t h e c o n t e n t o f most t r a c e c o n s t i t u e n t s , e s p e c i a l l y MnO, ^2*^5' 
Nb, Y, Rb and Zn. 
Mn goes m a i n l y i n t o m a g n e t i t e , i l r a e n i t e and i r o n - r i c h c l i n o p y r o x e n e , 
and Zn i n t o m a g n e t i t e , and t h e r e f o r e a c o v a r i a t i o n s h o u l d be expected 
between MnO and TiO„ o r i r o n , o r b o t h , and between Zn and i r o n . T h i s 
i s n o t t h e case, because w h i l e MnO and Zn i n c r e a s e s h a r p l y , b o t h 
TiO„ and i r o n decrease s t e a d i l y around t h i s break. The o f f s e t o f Ba 
i s e x c e p t i o n a l l y l a r g e (50-75% i n c r e a s e ) and h a r d t o e x p l a i n i n terms 
o f c r y s t a l f r a c t i o n a t i o n , e x c e p t by a massive removal o f one o r more 
o f t h e m a j o r phases, w h i c h would be r e f l e c t e d i n t h e major element 
c h e m i s t r y . The o t h e r t r a c e elements would have t o be e x p l a i n e d i n 
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a s i m i l a r way. Many o f t h e t r a c e e lements, when p l o t t e d a g a i n s t 
each o t h e r ( P i g . 1 4 . 2 ) , show a s u r p r i s i n g l y sharp break between 
t h e b a s a l t i c samples and t h e i n t e r m e d i a t e samples, s u g g e s t i n g 
t h a t t h e r e i s l i t t l e g e n e t i c r e l a t i o n s h i p between these two groups. 
Thus b o t h m a j o r and t r a c e elements d i s c o u r a g e c r y s t a l f r a c t i o n a t i o n 
as an e x p l a n a t i o n o f t h e break between t h e b a s a l t s and t h e i n t e r m e d i a t e 
r o c k s . 
The t h i r d b r e a k , i n t h e d a c i t e r e g i o n , i s n o t r e f l e c t e d 
d i s t i n c t i v e l y i n t h e m a j o r e l e m e n t s , e x c e p t f o r i r o n which i n c r e a s e s 
f a s t e r , i n t h e r h y o l i t e r e g i o n t h a n i n t h e i n t e r m e d i a t e r e g i o n w i t h 
i n c r e a s i n g s i l i c a . On t h e o t h e r hand t h e break i s v e r y sharp and 
d i s t i n c t i v e f o r t h e t r a c e elements ( F i g . 13.1). Barium i n c r e a s e s 
s h a r p l y w i t h i n c r e a s i n g s i l i c a i n t h e r h y o l i t e r e g i o n a l o n g w i t h Rb, 
b u t Y, Zr and Zn decrease r a p i d l y i n t h e same r e g i o n . Z r goes m a i n l y 
i n t o z i r c o n , Y i n t o p l a g i o c l a s e , i r o n i n t o f e r r o a u g i t e , f a y a l i t e and 
m a g n e t i t e , and Zn i n t o m a g n e t i t e . I f t h i s v a r i a t i o n i s due t o 
c r y s t a l f r a c t i o n a t i o n , z i r c o n , p l a g i o c l a s e , m a g n e t i t e and p o s s i b l y 
f a y a l i t e and/or f e r r o a u g i t e w i l l have t o be p r e c i p i t a t e d , Ba goes 
i n t o K - f e l d s p a r and t h e i n c r e a s e i n Ba i n d i c a t e s t h a t K - f e l d s p a r 
has n o t been formed o r removed f r o m t h e magma. The o r d e r of t h e 
i n c r e a s e i n Ba i n some o f t h e samples i s g r e a t and can be e x p l a i n e d 
as a r e s u l t o f l a r g e - s c a l e f r a c t i o n a t i o n w h i c h , however, 
i s n o t r e f l e c t e d i n t h e major elements. The decrease i n t h e c o n t e n t 
o f some o f t h e t r a c e elements may be due t o removal o f s m a l l 
amounts o f a c c e s s o r y m i n e r a l s l i k e z i r c o n and r u t i l e w i t h o u t a f f e c t i n g 
t h e m a j o r element c h e m i s t r y . 
Q'Nions and G r o n v o l d (1973) s t u d i e d REE p a t t e r n s f o r r o c k s f r o m 
some c e n t r a l v o l c a n o e s i n I c e l a n d and found t h a t t h e n e g a t i v e Eu 
anomaly i n c r e a s e s w i t h i n c r e a s i n g s i l i c a . The Eu anomaly i s u s u a l l y 
e x p l a i n e d by p l a g i o c l a s e removal d u r i n g a f r a c t i o n a t i o n p r o c e s s , tJius 
Qtz 
F i g . 14.4 R h y o l i t i c samples p l o t t e d i n terms o f Ab-Qtz-Or. The 
e x p e r i m e n t a l boundary c u r v e s and minima are a f t e r T u t t l e 
and Bowen ( 1 9 5 8 ) . C i i ' c l e s a re r h y o l i t e s from t h e R e y k j a d a l u r 
c e n t r a l v o l c a n o ( s o l i d c i r c l e s a re p o r h y r i t i c samples), 
t r i a n g l e s a r e f r o m L a u g a r d a l u r c e n t r a l volcano and t h e square 
i s f r o m t h e H a l l a r m u l i c e n t r a l . v o l c a n o . 
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s u p p o r t i n g c r y s t a l f r a c t i o n a t i o n r a t h e r t h a n p a r t i a l m e l t i n g . . 
The 18^ v a l u e s f o r i n t e r m e d i a t e and a c i d r o c k s f r o m I c e l a n d 
a r e v a r i a b l e b u t g e n e r a l l y l o w e r t h a n f o r t h e c o r r e s p o n d i n g b a s a l t s 
(Muehlenbachs, 1973). I f i n t e r m e d i a t e and a c i d r o c k s were d e r i v e d 
f r o m a b a s a l t i c magma by means o f c r y s t a l f r a c t i o n a t i o n , t h e 18^ 
i s o t o p e s s h o u l d be s i m i l a r t o t h o s e o f t h e b a s a l t i c p a r e n t magmas. 
The 18^ i n m e t e o r i c w a t e r i n I c e l a n d i s low (Muehlenbachs, 1973) and 
t h e v a r i a b l e and g e n e r a l l y low 18^ c o n t e n t o f i n t e r m e d i a t e and a c i d 
r o c k s c o u l d be due t o p a r t i a l m e l t i n g o f h y d r o t h e r m a l l y a l t e r e d 
b a s i c r o c k s ; i t i s l i k e l y t h a t m e t e o r i c w a t e r p e r c o l a t e s dov.'n t o 
th e b o t t o m o f l a y e r 2 and i t i s more t h a n p o s s i b l e t h a t m e t e o r i t i c 
w a t e r i s i n v o l v e d i n t h e metamorphisra o f l a y e r 3. 
I n t h e l i g h t o f t h e f i e l d and geochemical evidence d i s c u s s e d 
above, c r y s t a l f r a i c t i o n a t i o n can be r u l e d o u t as t h e process w h i c h 
g e n e r a t e d t h e m a j o r i t y o f t h e i n t e r m e d i a t e and a c i d r o c k s . We have 
t h e r e f o r e t o l o o k a t t h e o t h e r a l t e r n a t i v e , t h e p a r t i a l m e l t i n g o f 
b a s a l t i c m a t e r i a l . 
K u s h i r o (1969, 1972) has s t u d i e d t h e system Di-Fo-Qtz, b o t h under 
anhydrous and hydrous c o n d i t i o n s a t v a r i o u s p r e s s u r e s . He concluded 
t h a t f r a c t i o n a l m e l t i n g o c c u r r e d i n two d i s t i n c t s t e p s . I f a 
s t a r t i n g m a t e r i a l i n t h e q u a r t z n o r m a t i v e p o r t i o n o f t h e Di-Fo-Qtz 
system i s h e a t e d under h i g h w a t e r p r e s s u r e (about 20 k b ) , f r a c t i o n a l 
m e l t i n g w i l l s t a r t a t about 960°C y i e l d i n g a c i d i c l i q u i d . I f t h e 
l i q u i d i s removed c o n t i n u o u s l y , t h e m e l t i n g w i l l cease when t h e a c i d 
component o f t h e r o c k has been exhausted. M e l t i n g i s resumed a t 
about 1220°C, p r o d u c i n g a n d e s i t i c l i q u i d (Yoder, 1969). 
Yoder (1971) p o i n t e d o u t t h a t t h i s t w o - s t e p m e l t i n g process 
c o u l d y i e l d two d i f f e r e n t l i q u i d s f r o m t h e same p a r e n t a l m a t e r i a l , 
w h i c h have t o be s e p a r a t e d i n t i m e due t o t h e t e m p e r a t u r e d i f f e r e n c e 
between t h e two m e l t i n g s t e p s . He conclu d e d t h a t up t o 20% o f a c i d 
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l i q u i d c o u l d be g e n e r a t e d by p a r t i a l m e l t i n g o f q u a r t z n o r m a t i v e 
b a s a l t , and about 22% o f a n d e s i t i c l i q u i d , 
A t e m p e r a t u r e o f 960°C can be reached i n s i d e l a y e r 3, i , e . a t 
l e s s t h a n 10 km ( f o r a t h e r m a l g r a d i e n t o f 100°C/km), b u t t h e 
e f f e c t o f v o l a t i l e s c o u l d l o w e r t h e m e l t i n g t e m p e r a t u r e s s t i l l 
f u r t h e r . C a r m i c h a e l (1967) s t u d i e d t h e F e - T i o x i d e s i n s a l i c r o c k s 
and f o u n d t h a t I c e l a n d i c r h y o l i t e s had l i q u i d u s t e m p e r a t u r e s around 
o 
900 C, a l l o w i n g p a r t i a l m e l t i n g t o s t a r t w e l l i n s i d e l a y e r 3. The 
w a t e r p r e s s u r e i n s i d e l a y e r 3 i s n o t known. The n o r m a t i v e s a l i c 
c o n s t i t u e n t s o f t h e r h y o l i t e s ( F i g . 14.4) suggest t h a t t h e a c i d 
2 
magmas had e q u i l i b r a t e d a t p r e s s u r e s s l i g h t l y g r e a t e r t h a n 2000 kg/cm 
(a b o u t 7 km) and l e f t o f t h e t h e r m a l v a l l e y ; t h e r e f o r e n o t i n l a y e r s 1 
o r 2, b u t p r o b a b l y i n l a y e r 3. A few r o c k s seem t o have e q u i l i b r a t e d 
a t l o w e r p r e s s u r e s t h a n most o f t h e samples; t h e y may be due t o the 
magma r e s i d i n g i n a chamber a t a s h a l l o w e r d e p t h . 
. T h e r e f o r e , r h y o l i t e s ( a c i d l i q u i d s ) may be formed by p a r t i a l 
m e l t i n g o f b a s a l t i c r o c k s i n l a y e r 3; r o c k s w h i c h may have been 
metamorphosed t o a m p h i b c . l i t e . The t e m p e r a t u r e and p o s s i b l y t h e degree 
o f p a r t i a l m e l t i n g w i l l depend upon t h e w a t e r c o n t e n t and p o s s i b l y 
t h e presence o f o t h e r v o l a t i l e s . The i n t e r m e d i a t e l i q u i d s may be 
formed f r o m t h e same m a t e r i a l as t h e a c i d l i q u i d s , by f u r t h e r p a r t i a l 
m e l t i n g a t h i g h e r t e m p e r a t u r e s , and a t a l a t e r t i m e . 
T h i s t w o - s t e p p a r t i a l m e l t i n g o f b a s a l t i c m . a t e r i a l y i e l d i n g 
two d i f f e r e n t l i q u i d s , one a c i d and t h e o t h e r i n t e r m e d i a t e , would 
e x p l a i n t h e c o m p o s i t i o n a l gap i n t h e d a c i t e r e g i o n and t h e apparent 
t i m e - l a g between t h e a c i d and i n t e r m e d i a t e r o c k s , as w e l l as e x p l a i n i n g 
t h e volume r e l a t i o n s between t h e a c i d and i n t e r m e d i a t e r o c k s . The 
s h a r p b r e a k between t h e i n t e r m e d i a t e and b a s a l t i c r o c k s would be 
because t h e i n t e r m e d i a t e magmas a r e d e r i v e d f r o m m e l t i n g o f l a y e r 3, 
part ia l 
w h i l e t h e b a s a l t i c magmas a r e d e r i v e d b y l ^ m e l t i n g o f l a y e r 4. 
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V o l c a n i c - T e c t o n i c E v o l u t i o n o f a C e n t r a l Volcano 
By c o m b i n i n g t h e f i e l d and geochemical work p r e s e n t e d i n 
t h i s t h e s i s , a s i m p l e model o f a c e n t r a l v o l c a n o , s i m i l a r t o t h e 
R e y k j a d a l u r c e n t r a l v o l c a n o can be c o n s t r u c t e d . T h i s model i s 
shown s c h e m a t i c a l l y i n F i g . 14.5. S t a r t i n g w i t h a c r u s t a l s t r u c t u r e 
( a ) , where l a y e r s 1 and 2 are r e l a t i v e l y t h i c k compared w i t h l a y e r 3, 
t h e r i s i n g b a s a l t i c magma w i l l n o t reach t h e " c r i t i c a l d e n s i t y l e v e l " , 
and t h u s n o t r e a c h t h e s u r f a c e i n any q u a n t i t y . E r u p t i o n r a t e s 
w i l l be r e l a t i v e l y low and t h e s e r i e s formed w i l l t e n d t o have t h i n 
s e d i m e n t s i n t e r c a l a t e d w i t h t h e f l o w s . The v o l c a n i c a c t i v i t y w i l l 
be s p r e a d e v e n l y t h r o u g h o u t t h e area c i - e a t i n g a f l a t landscape 
r e s u l t i n g i n r e l a t i v e l y t h i c k b a s a l t i c f l o w s . T h i s s e r i e s would 
c o r r e s p o n d t o t h e t h i c k - l a y e r e d t h o l e i i t e s e r i e s u n d e r l y i n g t h e 
R e y k j a d a l u r c e n t r a l v o l c a n o . Most o f t h e r i s i n g magma w i l l s t o p a t 
t h e l a y e r 2/3 boundary and f o r m i n c l i n e d s h e e t s (Walker, 1975b). As 
t h e r i f t i n g p r o g r e s s e s , l a y e r 3 t h i c k e n s a t t h e expense o f l a y e r s 
1 and 2 ( b ) . The i n t r u s i v e a c t i v i t y c o n t i n u e s and t h e te m p e r a t u r e 
r i s e s i n s i d e l a y e r 3 and p a r t i a l m e l t i n g o f t h e bottom p a r t s t a r t s t o 
produce a c i d l i q u i d s ( c ) and batc h e s o f a c i d magma are e x t r u d e d a t 
t h e s u r f a c e . The heat p r o p a g a t e s upwards i n l a y e r 3 and t h e second 
s t a g e o f p a r t i a l m e l t i n g s t a r t s a t t h e bottom o f l a y e r 3 (d) and a c i d 
and i n t e r m e d i a t e magmas a r e e x t r u d e d s i m u l t a n e o u s l y ; t h i s would 
c o r r e s p o n d t o t h e main i n t e r m e d i a t e and a c i d s u c c e s s i o n i n b o t h 
R e y k j a d a l u r and H a l l a r m u l i c e n t r a l v o l c a n o . The i n t r u s i v e 
a c t i v i t y u n d e r n e a t h t h e v o l c a n o i s i n t e n s i v e and t h e lower p a r t o f 
l a y e r 2 i s s u b s e q u e n t l y h y d r o t h e r m a l l y a l t e r e d , p r o b a b l y a l l o w i n g 
t h e b a s a l t i c magma t o i n t r u d e and f o r m s h e e t s , e f f e c t i v e l y changing 
t h e n a t u r e o f t h i s p a r t o f l a y e r 2 i n t o m a t e r i a l p h y s i c a l l y i d e n t i c a l 
t o l a y e r 3: t h u s i s formed t h e b u l g e i n l a y e r 3 observed by Palraason 
( 1 9 7 1 ) , u n d e r n e a t h e x t i n c t c e n t r a l v o l c a n o e s . 
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a 
Layers 1 & 2 
Layer S^^^^^^^j f 
Layer A i l l 
Generat ion of 
a c i d l iquids 
enerat ion 
f | / Yof Qcid liquids 
Generat ion of 
' « X i n l e i - . e d i c i ? licTsi 
Loyers i a 2 
L a y e r j 
L c y e r i 
F i g . 1 4 . 5 A model o f t h e e v o l u t i o n o f a c e n t r a l volcano and t h e c r u s t 
b eneath i t . For e x p l a n a t i o n see t e x t . 
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As l a y e r 3 i s now v e r y t h i c k and l a y e r s 1 and 2 t h i n and t h e 
b u l g e i n l a y e r 3 has reached a sh a l l o v / d e p t h (perhaps l e s s t h a n 
1 km), t h e b a s a l t i c magma passes t h e " c r i t i c a l d e n s i t y l e v e l " , 
t h u s e n a b l i n g i t t o re a c h t h e s u r f a c e . A t t h i s s t a g e t h e r e i s no 
o b s t a c l e t o t h e passage o f b a s a l t i c magma up i n t o t he c e n t r a l 
v o l c a n o , and b a s a l t i c v o l c a n i s m i n c r e a s e s suddenly ( e ) ; and, due 
t o t h e topog r a p h y o f t h e a r e a , t h e fiov/s t e n d t o be t h i n and no 
sedi m e n t s i n t e r c a l a t e w i t h t h e f l o w s due t o v e r y h i g h e f f u s i o n r a t e . 
T h i s would c o r r e s p o n d t o t h e t h i n - l a y e r e d s e r i e s o f R e y k j a d a l u r 
c e n t r a l v o l c a n o and t h e K o l v i d a r h o l t s e r i e s o v e r l y i n g t h e H a l l a r m u l i 
c e n t r a l v o l c a n o . The b a s a l t i c magma i s e x t r u d e d m a i n l y t h r o u g h cone 
s h e e t s due t o t h e c i r c u l a r s t r e s s - f i e l d around t h e c e n t r a l v o l c a n o . 
No change i n t h e e f f u s i o n r a t e t a k e s p l a c e o u t s i d e t h e c e n t r a l v o l c a n o 
because l a y e r s 1 and 2 a r e s t i l l t o o t h i c k t o a l l o w t h e b a s a l t i c magma 
t o pass t o t h e s u r f a c e . A t t h i s p o i n t , i n t r u s i v e a c t i v i t y may 
e f f e c t i v e l y cease and t h e r e f o i ^ e t h e g e n e r a t i o n o f i n t e r m e d i a t e and 
a c i d l i q u i d s s t o p s . The combined l a y e r 1 and 2 t h i c k e n s because o f 
th e n ewly formed v o l c a n i c s and t h e process may be r e v e r s e d , i . e . t h e 
l o a d o f t h e r o c k s e x t r u d e d supresses t h e c r u s t so t h a t t h e r i s i n g magma 
does n o t r e a c h t h e " c r i t i c a l d e n s i t y l e v e l " and th u s i n t r u s i v e r a t h e r 
t h a n e x t r u s i v e a c t i v i t y s t a r t s a g a i n p r o b a b l y r e s u l t i n g i n a d e l i c a t e 
' b n - o f f s i t u a t i o n b e f o r e t h e c y c l e s t o p s as t h e area moves out o f 
th e a c t i v e r i f t i n g zone. 
The l o c a t i o n o f a c e n t r a l v o l c a n o w i t h i n an a c t i v e v o l c a n i c zone 
seems t o be c o n t r o l l e d by t h e en e c h e l o n - f a u l t swarms v/hich a r e 
p r o b a b l y s u r f a c e m a n i f e s t a t i o n s o f dyke o r sheet swarms a t depth. 
The c e n t r a l v o l c a n o e s a r e u s u a l l y i n t h e c e n t r e o f such swarms 
(Walke r , 1963; Saemundsson, 1974). The volcanoes t e n d t o be formed 
where t h e i n t r u s i v e a c t i v i t y i s g r e a t e s t ; t h e p a r t i a l m e l t i n g t a k e s 
p l a c e i n t h e c e n t r e o f each swarm where t h e r e i s more heat a v a i l a b l e . 
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The main s t r u c t u r a l d i f f e r e n c e between t h e R e y k j a d a l u r and 
H a l l a r m u l i c e n t r a l v o l c a n o e s l i e s i n t h e much s m a l l e r volumes o f 
b o t h b a s a l t i c and more s l i c e o u s r o c k s and t h e l a c k o f any c i r c u l a r 
s t r u c t u r e s i n t h e l a t t e r . A t t h e t i m e o f t h e H a l l a r m u l i c e n t r a l 
v o l c a n o , t h e v o l c a n i c a c t i v i t y i n t h e area had j u s t been resumed 
a f t e r a l a p s e o f a few m i l l i o n y e a r s and t h e s m a l l volumes o f more 
s i l i c e o u s and b a s a l t i c r o c k s c o u l d be due t o t h i n n e r l a y e r s 1 and 2 
so t h a t t h e " o n - o f f " s i t u a t i o n was reached e a r l y . The main v o l c a n i c 
a c t i v i t y t h e n s h i f t e d w i t h t h e r i f t i n g towards t h e n o r t h , t o t h e 
area w h i c h became R e y k j a d a l u r c e n t r a l v o l c a n o . 
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APPENDIX 
A n a l y t i c a l methods 
The samples were c l e a r e d o f t h e weathered s u r f a c e s and were 
s p l i t i n t o c o n v e n i e n t l y s i z e d f r a g m e n t s u s i n g a h y d r a u l i c s p l i t t e r . 
They were t h e n c r u s h e d i n a jaw c r u s h e r , and reduced t o 50-150 gm 
samples by t a k i n g 1/2, 1/4 o r 1/8 f r a c t i o n s . These f r a c t i o n s were 
t h e n ground f o r 3-4 m i n u t e s t o a f i n e powder i.n. a s w i n g - m i l l . A 
r e p r e s e n t a t i v e sample, o f a few grams, was v/ithdrawn f o r t h e FeO 
d e t e r m i n a t i o n a f t e r 30 seconds. T h i s was t a k e n i n o r d e r t o a v o i d 
a d d i t i o n a l o x i d a t i o n d u r i n g g r i n d i n g , as d e s c r i b e d by F i t t o n and 
G i l l ( 1 9 7 0 ) . 
The Durham U n i v e r s i t y Department o f G e o l o g i c a l Sciences uses 
compressed-powder b r i c q u e t t e p r o c e d u r e f o r major and t r a c e elements. 
T h i s i s l a r g e l y due t o t h e g r e a t t i m e saved compared t o f u s i o n 
t e c h n i q u e s , A few d r o p s o f Mowiol s o l u t i o n was used as a b i n d e r 
d u r i n g p e l l e t i z i n g . T h i s was 'mixed t h o r o u g h l y w i t h t h e r o c k powder, 
w h i c h was t h e n p r e s s e d under 800-900 kg/cm^, u s i n g a h y d r a u l i c p r e s s . 
The a n a l y s e s v/ere c a r r i e d o u t on a P h i l l i p s RV1212 a u t o m a t i c 
s p e c t r o m e t e r w i t h TE108 A u t o m a t i c Loader, T a b l e s 1 and 2 g i v e t h e 
o p e r a t i n g c o n d i t i o n s f o r t h e v a r i o u s elements. 
I n t h e a n a l y s e s o f major el e m e n t s , t h r e e samples were r u n , a l o n g 
w i t h a m o n i t o r . The method o f " f i x e d c o u n t s " was used t o m i n i m i z e t h e 
i n s t r u m e n t a l e r r o r s and d r i f t . I n t h i s method t h e t i m e (T) t a k e n t o 
accumulate a p r e - d e t e r m i n e d 'N' c o u n t s on a m o n i t o r i s a u t o m a t i c a l l y 
r e c o r d e d . The t h r e e samples a r e t h e n counted over t h e same t i m e 
i n t e r v a l ( T ) , f o r t h e same element, and hence an al l o w a n c e i s made f o r 
p o s s i b l e d r i f t i n t h e count r a t , as d e t e c t e d by t h e m o n i t o r . 
A bank o f i n t e r n a t i o n a l s t a n d a r d s was used: G l . G2, Wl, T l , S I , 
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GR, GH, AGVl, BCRl, GSPl, DTSl, BS76, BS91 and BS98. The c o m p o s i t i o n 
o f t h e i n t e r n a t i o n a l s t a n d a r d s used were t h o s e f r o m r e v i e w s by 
Flan a g a n (1969, 1973). 
The major element d a t a were c o r r e c t e d f o r mass a b s o r p t i o n 
d i f f e r e n c e s between t h e s t a n d a r d s and t h e unknowns by t h e i t e r a t i v e 
computer p r o c e d u r e d e s c r i b e d by H o l l a n d and B r i n d l e (1966) and Reeves 
( 1 9 7 1 ) . The a n a l y s e s were s u b s e q u e n t l y n o r m a l i z e d t o 100% t o o b t a i n 
r e a l i s t i c a n a l y s e s , 
FeO was a n a l y s e d v/et c h e m i c a l l y f o r a l l t h e samples i n v o l v e d , 
by t h e metavanadate method ( W i l s o n , 1955). The r o c k s have been 
e f f e c t e d by secondary o x i d a t i o n , and t h e ana l y s e s l i s t e d i n T a b l e 4 
r e f l e c t t h e p r e s e n t o x i d a t i o n s t a t e o f t h e samples. As mentioned 
e a r l i e r a s l i g h t ' v a r i a t i o n i n o x i d a t i o n w i l l e f f e c t t h e % noi-mative 
q u a r t z , t h e r e f o r e t h e CIPW norms were c a l c u l a t e d f o r a f i x e d Fe 0 /FeO 
r a t i o ( see Chapter 1 2 ) . 
An a b s o l u t e method was used i n t h e ana l y s e s o f t h e t r a c e 
e l e m e n t s . The a n a l y t i c a l d a t a were c o n v e r t e d t o c o n c e n t r a t i o n s (ppm) 
by t h e computer program "TRATIO" ( G i l l , 1972). The program uses t h e 
cou n t r a t e f u n c t i o n (peak i n t e n s i t y / b a c k g r o u n d i n t e n s i t y - 1 ) . T h i s 
f u n c t i o n e n a b l e s s c a t t e r e d background r a d i a t i o n t o be used as an 
i n t e r n a l s t a n d a r d t o compensate f o r m a t r i x and mass a b s o r p t i o n 
e f f e c t s . T h i s program a l s o c a l c u l a t e s t h e n o m i n a l d e t e c t i o n l i m i t f o r 
each element f r o m t h e f o r m u l a 3 ( B l / 2 ) , where B i s t h e mean background-
under-peak i n c o u n t s averaged over a l l t h e d e t e r m i n a t i o n s processed 
( T a b l e 3 ) . 
St a n d a r d s used were s y n t h e t i c s p i k e d g l a s s e s p r e p a r e d by t h e 
P i l k i n g t o n Research L a b o r a t o r y f o r use i n Lunar i n v e s t i g a t i o n s (Brown 
e t a l . , 1970). 
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T a b l e 3 
Nominal d e t e c t i o n l i m i t s f o r t h e t r a c e elements 
and t h e upper l i m i t o f s t a n d a r d s i n ppm. 
• D e t e c t i o n Upper l i m i t o f 
l i m i t (ppm) s t a n d a r d s (ppm) 
Ba 8 5000 
Nb 3 250 
Z r 3 5000 
Y 3 500 
Sr 3 1100 
Rb 2 1000 
Zn 2 1000 
Cu 2 1000 
N i 2. 1000 
T a b l e 4 
Major and t r a c e element a n a l y s e s , and CIPW norms, o f t h e r o c k 
samples i n v o l v e d i n t h e t h e s i s . 
The norms a r e c a l c u l a t e d f o r Fe 0 /FeO r a t i o o f 0.25, 
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• KEY TO TABLE 4 
• L I S T OF AWALYSEl.) SPECI1\TENS AND vSAMPLE LOCALITIES 
1 Q u a r t z t h o l e i i t e flov,-, 1 km west o f H r e i m s t a d i r i n N o r d u r a r d a l u r 
( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e . s ) . 
2 O l i v i n e t h o l e i i t e f l o w , 0.5 km west o f B a e l i i n N o r d u r a r d a l u r 
( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s ) . 
3 Q u a r t z t h o l e i i t e f l o w , B j a r n a f o s s i n B j a r n a d a l u r ( R e y k j a d a l u r t h i c k -
l a y e r e d s e r i e s ) . 
4 O l i v i n e t h o l e i i t e f l o w , 0.5 km west o f B a e l i i n N o r d u r a r d a l u r 
( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s ) . 
5 O l i v i n e t h o l e i i t e dyke (NE-SW), H r u t b o r g about 1.5 km n o r t h e a s t 
o f L i t l a B a ula. 
6 O l i v i n e t h o l e i i t e cone s h e e t , D r a u g a g i l i n L i t l a a r d a l u r ( R e y k j a d a l u r 
c e n t r a l v o l c a n o ) . 
7 Q u a r t z t h o l e i i t e f l o w , 0.5 km west o f Dalsmynni i n N o r d u r a r d a l u r 
( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s ) . 
8 I c e l a x i d i t e f l o w , 1 km west o f D y r a s t a d i r i n N o r d u r a r d a l u r ( R e y k j a d a l u r 
c . v . ) . 
9 Q u a r t z t h o l e i i t e f l o w , 0.5 km west o f Dalsmynni i n N o r d u r a r d a l u r 
( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s ) . 
10 R h y o l i t e i n t r u s i o n , B a u l a ( R e y k j a d a l u r c . v . ) . 
11 P l a g i o c l a s e - p h y r i c f l o w ( o l . norm.), 0.5 km west o f Dalsmynni i n 
N o r d u r a r d a l u r ( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s ) . 
12 F l a g i o c l a s e - p h y r i c r h y o l i t e p l u g , L i t l a Baula ( R e y k j a d a l u r c . v . ) . 
13 O l i v i n e c umulate f l o w , S k u t a g i l i n B j a r n a d a l u r ( R e y k j a d a l u r t h i c k -
l a y e r e d s e r i e s ) . 
15 P l a g i o c l a s e - p h y r i c f l o w (01, norm.), 250 m n o r t h e a s t o f L i t l a Baula 
( R e y k j a d a l u r t h i n - l a y e r e d s e r i e s ) . 
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16 P l a g i o c l a s e - p h y r i c f l o w ( o l . noi-m.), 250 m n o r t h e a s t o f L i t l a Baula 
( R e y k j a d a l u r t h i n - l a y e r e d s e r i e s ) . 
17 R h y o l i t e i n t r u s i o n , S k i l d i n g a f e l l i n N o r d u r a r d a l u r , ( R e y k j a d a l u r 
c . V . ) . 
18 R h y o l i t e i n t r u s i o n , S k i l d i n g a f e l l i n N o r d u r a r d a l u r ( R e y k j a d a l u r c . v . ) . 
19 P l a g i o c l a s e - p h y r i c dyke ( o l . norm., E-W), H v a s s a r d a l u r . 
20 O l i v i n e t h o l e i i t e f l o w , H v a s s a r d a l u r ( R e y k j a d a l u r t h i n - l a y e r e d s e r i e s ) 
2 1 O l i v i n e t h o l e i i t e dyke (E-W), H v a s s a r d a l u r , 
22 R h y o l i t e dyke, H v a s s a r d a l u r ( R e y k j a d a l u r c . v . ) . 
23 Q u a r t z t h o l e i i t e dyke (E-W), H v a s s a r d a l u r . 
24 Q u a r t z t h o l e i i t e s i l l ( b o t t c m ) , T o r f d a l u r i n N o r d u r a r d a l u r . 
25 Q u a r t z t h o l e i i t e s i l l ( c e n t r e ) , T o r f d a l u r i n N o r d u r a r d a l u r , 
26"~ Q u a r t z t h d l e i i t e s i l l ( t o p ) , T o r f d a l u r i n N o r d u r a r d a l u r , 
28 I c e l a n d i t e f l o w , T o r f d a l u r ( H a l l a r m u l i c . v . ) . 
29 B a s a l t i c i c e i a n d i t e f l o w , T o r f d a l u r ( H a l l a r m u l i c . v . ) . 
30 I c e l a n d i t e f l o w , T o r f d a l u r ( H a l l a r m u l i c . v . ) . 
31 I c e l a n d i t e f l o w , T o r f d a l u r ( H a l l a r m u l i c , v , ) . 
32 I c e l a n d i t e f l o w , T o r f d a l u r ( H a l l a r m u l i c . v . ) . 
33 I c e l a n d i t e f l o w , T o r f d a l u r ( H a l l a r m u l i c . v . ) . 
34 Q u a r t z t h o l e i i t e f l o w , T o r f d a l u r ( H a l l a r m u l i c . v . ? ) . 
35 Q u a r t z t h o l e i i t e f l o w , S v a r t a g i l ( K o l v i d a r h o l t s e r i e s ) . 
36 I c e l a n d i t e f l o w , S v a r t a g i l ( H a l l a r m u l i c . v , ) , 
37 I c e l a n d i t e s i l l ( ? ) , S v a r t a g i l ( H a l l a r m u l i c , v . ) . 
38 P l a g i o c l a s e - p h y r i c f l o w ( q t z . norm,), V e i d i l a e k u r i n N o r d u r a r d a l u r 
( H r e d a v a t n s e r i e s ) . 
39 P l a g i o c l a s e - p h y r i c f l o w ( q t z . norm.), 1 km s o u t h o f K v i a r i n 
T h v e r a r h l i d ( G r j o t h a l s t h i n - l a y e r e d s e r i e s ) . 
40 O l i v i n e t h o l e i i t e f l o w , K a r l s d a l u r i n N o r d u r a r d a l u r ( G r j o t h a l s t h i c k -
l a y e r e d s e r i e s ) . 
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4 1 Q u a r t z t h o l e i i t e f l o w , Holmavatn on Gr- j o t h a l s ( G r j o t h a l s t l i i c k -
l a y e r e d s e r i e s ) . 
42 O l i v i n e t h o l e i i t e f l o w , H r o d n y j a r v a t n on G r j o t h a l s ( G r j o t h a l s -
t h i n - l a y e r e d s e r i e s ) . 
43 Q u a r t z t h o l e i i t e f l o w , L u n d s l a e k u r i n T h v e r a r h l i d ( G r j o t h a l s t h i n -
l a y e r e d s e r i e s ) , 
44 Q u a r t z t h o l e i i t e f l o w , L u n d s l a e k u r i n T h v e r a r h l i d ( G r j o t h a l s 
t h i n - l a y e r e d s e r i e s ) , 
45 P l a g i o c l a s e - p h y r i c f l o w ( q t z , norm,), Holmavatn on G r j o t h a l s 
( G r j o t h a l s t h i c k - l a y e r e d s e r i e s ) , 
46 Quartz t h o l e i i t e f l o w , 2 km n o r t h e a s t o f Skardshamrar i n N o r d u r a r d a l u r 
( G r j o t h a l s t h i c k - l a y e r e d s e r i e s ) , 
47 O l i v i n e t h o l e i i t e f l o w , S e l h e i d i on G r j d t h a l s ( G r j o t h a l s t h i c k -
l a y e r e d s e r i e s ) , 
48 P l a g i o c l a s e - p h y r i c f l o w ( o l , norm,), M j o a v a t n on G r j o t h a l s ( G r j o t h a l s 
t h i n - l a y e r e d s e r i e s ) , 
49 D a c i t e f l o w , 0.5 km n o r t h w e s t o f Hamraendar i n S t a f h o l t s t u n g u r 
( H a l l a r m u l i c , v . ) , 
50 O l i v i n e t h o l e i i t e f l o w , H r o d n y j a r v a t n on G r j o t h a l s ( G r j o t h a l s t h i n -
l a y e r e d s e r i e s ) . 
51 Q u a r t z t h o l e i i t e f l o v / , K a r l s d a l u r i n N o r d u r a r d a l u r ( G r j o t h a l s t h i c k -
l a y e r e d s e r i e s ) . 
52 Q u a r t z t h o l e i i t e f l o v / , M j o a v a t n on G r j o t h a l s ( G r j o t h a l s t h i n - l a y e r e d 
s e r i e s ) , 
53 I c e l a n d i t e f l o w , 1 km southwest o f G l i t s t a d i r i n N o r d u r a r d a l u r 
f 
( H a l l a r m u l i c , v . ) . 
54 R h y o l i t e f l o w , 0,5 km s o u t h o f Hamraendar i n S t a f h o l t s t u n g u r ( H a l l a r m -
u l i c . v . ) . 
55 B a s a l t i c i c e l a n d i t e f l o w , 0.5 km s o u t h o f Hamarendar i n S t a f h o l t s t u n g u r 
( H a l l a r m u l i c . v . ) . 
56 D a c i t e f l o w , H o f s t a d i r i n S t a f h o l t s t u n g u r , ( H a l l a r m u l i c , v , ) , 
57 Q u a r t z t h o l e i i t e f l o w , M j o a v a t n on G r j o t h a l s ( G r j o t h a l s t h i n -
l a y e r e d s e r i e s ) , 
58 O l i v i n e t h o l e i i t e f l o w , 1 km west o f Hamraendar i n S t a f h o l t s t u n g u r 
( H r e d a v a t n s e r i e s ) , 
59 I c e l a n d i t e f l o w , 0.5 km n o r t h w e s t o f Hamraendar i n S t a f h o l t s t u n g u r 
( H a l l a r m u l i c . v . ) . 
60 I c e l a n d i t e f l o w , 1 km s o u t h o f Varmaland ( H a l l a r m u l i c . v , ) , 
61 I c e l a n d i t e f l o w , 0.5 km east o f Varmaland ( H a l l a r m u l i c . v . ) , 
62 I c e l a n d i t e f l o w , 1 km west o f H j a r d a r h o l t i n S t a f h o l t s t u n g u r 
( H a l l a r m u l i c . v , ) , 
63 I c e l a n d i t e f l o w , 1 km n o r t h e a s t o f Varmaland ( H a l l a r m u l i c . v . ) . 
64 ^ Q u a r t z t h o l e i i t e f l o w , L u n d s l a e k u r i n T h v e r a r h l i d ( G r j o t h a l s t h i n -
l a y e r e d s e r i e s ) . 
65 P l a g i o c l a s e - p h y r i c f l o w ( q t z . norm,), S e l h e i d i on G r j o t h a l s 
( G r j o t h a l s t h i c k - l a y e r e d s e r i e s ) , 
66 B a s a l t i c i c e l a n d i t e f l o w , K a l f a g i l s t u n g u r i n R e y k j a d a l u r ( R e y k j a d a l u r 
c, V , ) . 
67 R h y o l i t e p l u g , K a l f a g i l s t u n g u r i n R e y k j a d a l u r (Rej'k j a d a l u r c , v , ) . 
68 P l a g i o c l a s e - p h y r i c f l o w ( q t z . norm), K a l f a g i l s t u n g u r i n R e y k j a d a l u r 
( R e y k j a d a l u r c , v , ) , 
69 Q u a r t z t h o l e i i t e f l o w , K a l f a g i l s t u n g u r i n R e y k j a d a l u r ( R e y k j a d a l u r 
c , V , ) . 
70 I c e l a n d i t e f l o w , S a u r s t a d a g i l i n Haukadalur ( R e y k j a d a l u r c , v , ) . 
71 Q u a r t z t h o l e i i t e f l o w , S a u r s t a d a g i l i n Haukadalur ( R e y k j a d a l u r t h i n -
l a y e r e d s e r i e s ) , 
72 P l a g i o c l a s e - p h y r i c p a l a g o n i t e ( q t z , norm,), a t t h e mouth o f 
S l e t t i d a l u r i n Haukadalur ( R e y k j a d a l u r t h i n - l a y e r e d s e r i e s ) . 
74 B a s a l t i c i c e l a n d i t e f l o w , Gamalhnukar ( R e y k j a d a l u r c . v . ) . 
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7 5 P i t c h s t o n e cone sheet ( i c e l a n d i t e ) , on t h e c a l d e r a r i m e a s t 
o f Gamalhnukar ( R e y k j a d a l u r c . v . ) . 
76 D a c i t e f l o w , E r p s s t a d i r i n M i d d a l i r ( R e y k j a d a l u r c . v . ) . 
77 R h y o l i t e f l o w , F r e r a r a g i l i n G e l d i n g a d a l u r ( R e y k j a d a l u r c . v . ) . 
78 P o r p h y r i t i c r h y o l i t e f l o w , Svarthamar on Jorvahnukur, u n d e r l y i n g 
t h e t i l l i t e ( R e y k j a d a l u r c . v . ) , 
79 O l i v i n e t h o l e i i t e p i l l o w l a v a , Svarthamar on Jorvahnukur ( R e y k j a d a l u r 
t h i n - l a y e r e d s e r i e s ) . 
80 P l a g i o c l a s e - p h y r i c i c e l a n d i t e f l o w , H e i m r a g i l i n G e l d i n g a d a l u r 
( R e y k j a d a l u r c . v , ) . 
81 R h y o l i t e f l o w , F r e m r a g i l i n G e l d i n g a d a l u r ( R e y k j a d a l u r c . v . ) . 
82 R h y o l i t e f l o w , 0.5 km e a s t o f H a m r a g i l i n Haukadalur ( R e y k j a d a l u r 
c . v , ) . 
83 R h y o l i t e f l o w , Baer i n M i d d a l i r ( R e y k j a d a l u r c . v . ) . 
84 R h y o l i t e f l o w , Baer i n M i d d a l i r ( R e y k j a d a l u r c . v . ) . 
85 I c e l a n d i t e f l o w , H a u k a d a l s a - r i v e r gorge about 1 km n o r t h o f H a r r a s t a d i r 
( R e y k j a d a l u r c . v . ) . 
86 O l i v i n e t h o l e i i t e dyke (N-S), on t h e s o u t h s i d e o f Haukadalsvatn. 
87 O l i v i n e t h o l e i i t e dyke (N-S), on t h e s o u t h s i d e o f Haukadalsvatn. 
88 R h y o l i t e dyke, 0.5 km east o f Lambahnukur ( R e y k j a d a l u r c . v . ) . 
89 O l i v i n e t h o l e i i t e f l o w , Kambur i n G e l d i n g a d a l u r ( R e y k j a d a l u r c . v . ) . 
90 Q u a r t z t h o l e i i t e f l o w , Nordurfossa.r i n G e l d i n g a d a l u r ( R e y k j a d a l u r 
C V , ) . 
91 R h y o l i t e dyke, T r o l l k o n u s k a r d i n L a u g a r d a l u r ( L a u g a r d a l u r c . v , ) , 
92 R h y o l i t e f l o w , Sata i n L a u g a r d a l u r ( L a u g a r d a l u r c . v . ) . 
93 Q u a r t z t h o l e i i t e f l o w , Kambshaus i n G e l d i n g a d a l u r ( R e y k j a d a l u r c . v . ) . 
94 P l a g i o c l a s e - p h y r i c r h y o l i t e f l o w , T r b l l k o n u s k a r d i n L a u g a r d a l u r 
( L a u g a r d a l u r c , v , ) . 
95 P l a g i o c l a s e - p h y r i c d a c i t e p l u g , Lambahnukur ( R e y k j a d a l u r c . v . ) . 
265 
96 O l i v i n e t h o l e i i t e f l o w , Kambur i n G e l d i n g a d a l u r , ( R e y k j a d a l u r c . v . ) . 
97 D a c i t e cone s h e e t , Einhamar i n L a u g a r d a l u r ( L a u g a r d a l u r c , v , ) . 
98 Q u a r t z norm, gabbro i n t r u s i o n ( b a s e ) , T r o l l k o n u s k a r d i n L a u g a r d a l u r 
( L a u g a r d a l u r c . v . ) , 
99 R h y o l i t e f l o w ( ? ) , G y l t u g i l i n L a u g a r d a l u r ( L a u g a r d a l u r c . v , ) . 
100 B a s a l t i c i c e l a n d i t e f l o w , G l o p p u g i l i n V i f i l s d a l u r , ( R e y k j a d a l u r 
c . V . ) . 
102 P l a g i o c l a s e - p h y r i c f l o w ( q t z . norm.), K e r l i n g a r n e f near Gamalhnukar 
( R e y k j a d a l u r c . v , ) . 
103 P l a g i o c l a s e - p h y r i c b a s a l t i c i c e l a n d i t e f l o w , S e l j a f j a i l i n 
R e y k j a d a l u r ( K e y k j a d a l u r c . v . ) . 
104 P l a g i o c l a s e - p h y r i c b a s a l t i c i c e l a n d i t e f l o w , S e l j a f j a i l i n 
R e y k j a d a l u r ( R e y k j a d a l u r c . v . ) , 
105 R h y o l i t e dyke ( p i t c h s t o n e c o n t a c t ) , Gamalhnukar ( R e y k j a d a l u r c . v . ) . 
106 O l i v i n e t h o l e i i t e i n t r u s i v e s i l l , Gamalhnukar ( R e y k j a d a l u r c . v . ) . 
107 Q u a r t z t h o l e i i t e f l o w , Kambur i n G e l d i n g a d a l u r ( R e y k j a d a l u r c . v . ) . 
108 O l i v i n e t h o l e i i t e f l o w , S e l j a f j a i l i n R e y k j a d a l u r ( R e y k j a d a l u r c . v . ) . 
109 P l a g i o c l a s e - p h y r i c f l o w ( o l . norm.), S e l j a f j a i l i n R e y k j a d a l u r 
( R e y k j a d a l u r c . v . ) . 
110 Q u a r t z t h o l e i i t e f l o w , K e r l i n g a r n e f near Gamalhnukar ( R e y k j a d a l u r 
c.V. ) . 
111 I c e l a n d i t e f l o w , 0.5 km west o f M j o a b o l i n Haukadalur ( R e y k j a d a l u r 
c . v , ) . 
112 O l i v i n e t h o l e i i t e f l o w ^ K r o s s b r u n i n Haukadalur ( R e y k j a d a l u r t h i n -
l a y e r e d s e r i e s ) . 
113 I c e l a n d i t e f l o w , Gamalhnukar ( R e y k j a d a l u r c . v . ) . 
114 ' R h y o l i t e f l o w , near O d d s g i l i n V i f i l s d a l u r ( R e y k j a d a l u r c . v , ) . 
115 R h y o l i t e cone s h e e t , S a t u d a l u r i n Sanddalur ( R e y k j a d a l u r c . v . ) . 
116 R h y o l i t e f l o w / p l u g , S l e t t a f e l l i n V i f i l s d a l u r ( R e y k j a d a l u r c . v , ) . 
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117 I c e l a n d i t e f l o w , Gamalhnukar ( R e y k j a d a l u r c , v . ) . 
118 Q u a r t z t h o l e i i t e f l o w , S l e t t a f e l l i n V i f i l s d a l u r ( R e y k j a d a l u r 
t h i c k - l a y e r e d s e r i e s ) . 
119 Q u a r t z t h o l e i i t e p i l l o w l a v a . Gamalhnukar ( R e y k j a d a l u r c . v . ) . 
120 T r a n s i t i o n a l b a s a l t f l o w , T r o l l a k i r k j a ( S n j o f j o l l s e r i e s ) . 
121 O l i v i n e - p h y r i c t r a n s i t i o n a l b a s a l t f l o w , T r o l l a k i r k j a ( S n j o f j b l l 
s e r i e s ) . 
122 T r a n s i t i o n a l p i l l o w l a v a , Tr£>llakirkja ( S n j o f j o l l s e r i e s ) . 
123 T r a n s i t i o n a l b a s a l t f l o w , T r o l l a k i r k j a ( S n j o f j o l l s e r i e s ) . 
138 R h y o l i t e cone s h e e t , R a n g a r d a l u r i n V i f i l s d a l u r ( L a u g a r d a l u r c . v . ) . 
149 Q u a r t z t h o l e i i t e f l o w , 0.5 km e a s t o f S p r e n g i b r e k k a i n M j o i d a l u r 
( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s ) . 
150 Q u a r t z t h o l e i i t e f l o w , 0.5 km n o r t h o f K r o k u r i n N o r d u r a r d a l u r 
( R e y k j a d a l u r t h i n - l a y e r e d s e r i e s ) . 
151 Q u a r t z t h o l e i i t e f l o w , 0.5 km west o f t h e Sanddalur farm i n 
Sanddalur ( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s ) . 
152 O l i v i n e t h o l e i i t e p l u g , Sata e a s t o f Sanddalur. 
153 Q u a r t z t h o l e i i t e dyke (NNE-SSW), L j o s b a k s s t a d a g i l i n Sanddalur. 
154 Q u a r t z t h o l e i i t e f l o w , Hvammsmuli i n N o r d u r a r d a l u r ( R e y k j a d a l u r t h i n -
l a y e r e d s e r i e s ) . 
155 Q u a r t z t h o l e i i t e dyke (NNE-SSW), K r u b b u g i l i n Sanddalur. 
157 Q u a r t z t h o l e i i t e dyke (N-S), a t t h e j u n c t i o n o f N o r d u r a r d a l u r and 
H e l l i s d a l u r . 
158' O l i v i n e t h o l e i i t e dyke (E-W), O r m s t a d a g i l i n Sanddalur. 
159 Q u a r t z t h o l e i i t e dyke (E-W), O r m s t a d a g i l i n Sanddalur. 
160 P l a g i o c l a s e - p h y r i c r h y o l i t e cone s h e e t , a t t h e head o f Sanddalur 
( R e y k j a d a l u r c . v , ) . 
161 R h y o l i t e cone s h e e t , Fremra l l a d e g i s g i l i n Sanddalur ( R e y k j a d a l u r 
c. V. ) . 
26 
162 Q u a r t z t h o l e i i t e dyke (N-S), Sveinatunga i n N o r d u r a r d a l u r . 
163 R h y o l i t e cone s h e e t , U r d a r m u l i i n Sanddalur ( R e y k j a d a l u r c . v , ) . 
164 P l a g i o c l a s e - p h y r i c q u a r t z t h o l e i i t e dyke (E-W), S t a p a g i l i n 
Sa n d d a l u r . 
165 O l i v i n e t h o l e i i t e s i l l / c o n e s h e e t , S v i n a g i l i n M j o i d a l u r 
( R e y k j a d a l u r c . v , ) . 
166 O l i v i n e t h o l e i i t e f l o w , Hvammsmuli i n N o r d u r a r d a l u r ( R e y k j a d a l u r 
t h i n - l a y e r e d s e r i e s ) . 
167 F l a g , and px. p h y r i c s i l l ( o l . norm.), G r a f a r m u l i i n S o k k o l f s d a l u r 
( R e y k j a d a l u r c , v . ) , 
168 B a s a l t i c i c e l a n d i t e f l o w , B e i g a l d a g i l i n A u s t u r a r d a l u r ( R e y k j a d a l u r 
c.V. ) . 
169 R h y o l i t e f l o w , B e i g a l d a g i l • i n A u s t u r a r d a l u r ( R e y k j a d a l u r c , v . ) . 
170 I c e l a n d i t e f l o w , B e i g a l d a g i l i n A u s t u r a r d a l u r ( R e y k j a d a l u r c . v . ) . 
171 I c e l a n d i t e f l o w , B e i g a l d a g i l i n A u s t u r a r d a l u r ( R e y k j a d a l u r c . v . ) . 
172 Q u a r t z t h o l e i i t e cone s h e e t , B e i g a l d a g i l i n A u s t u r a r d a l u r 
( R e j ' k j a d a l u r c , v , ) . 
173 I c e l a n d i t e f l o w , O f a e r u g i l i n A u s t u r a r d a l u r ( R e y k j a d a l u r c , v , ) . 
174 R h y o l i t e cone s h e e t , 0.5 km e a s t o f S p r e n g i b r e k k a i n M j o i d a l u r 
( R e y k j a d a l u r c . v , ) . 
175 P l a g . and px. p h y r i c i c e l a n d i t e f l o w , G r a f a r m u l i i n S o k k o l f s d a l u r 
( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s ) . 
176 P l a g i o c l a s e - p h y r i c f l o w ( o l . n o r m . ) , . H l i d a r t u n s f j a i l i n S 5 k k o l f s d a l u r 
( R e y k j a d a l u r t h i c k - l a y e r e d s e r i e s ) . 
177 P i t c h s t o n e cone sheet ( i c e l a n d i t e ) , ' 0 x 1 i n S o k k o l f s d a l u r 
( R e y k j a d a l u r c . v , ) . 
179 R h y o l i t e f l o w , B r a u d g i l i n S u d u r a r d a l u r ( R e y k j a d a l u r c . v , ) . 
180 R h y o l i t e f l o w , B r a u d g i l i n S u d u r a r d a l u r ( R e y k j a d a l u r c . v . ) . 
181 B a s a l t i c i c e l a n d i t e f l o w , R a u d s t e i n a g i l i n S u d u r a r d a l u r ( R e y k j a d a l u r 
c . v . ) . 
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182 I c e l a n d i t e f l o w , R a u d s t e i n a g i l i n S u d u r a r d a l u r ( R e y k j a d a l u r c , v . ) . 
183 Q u a r t z t h o l e i i t e dyke (NE-SW), a t t h e head o f S u d u r a r d a l u r . 
185 Q u a r t z t h o l e i i t e f l o w , Gamalhnukar ( R e y k j a d a l u r c . v . ) . 
188 D a c i t e cone s h e e t , H r o s s a d a l s g i l i n R e y k j a d a l u r ( R e y k j a d a l u r c . v . ) . 
190 Granophyre cone s h e e t , H r o s s a d a l s g i l i n R e y k j a d a l u r ( R e y k j a d a l u r 
c . v , ) , 
191 R h y o l i t e f l o w , K a l f a g i l i n R e y k j a d a l u r ( R e y k j a d a l u r c . v . ) . 
194 Q u a r t z t h o l e i i t e f l o w , K a l f a g i l i n R e y k j a d a l u r ( R e y k j a d a l u r c . v . ) . 
195 O l i v i n e t h o l e i i t e f l o w , K a l f a g i l i n R e y k j a d a l u r ( R e y k j a d a l u r c . v . ) . 
196 B a s a l t i c i c e l a n d i t e p l u g , H a f u r i n R e y k j a d a l u r ( R e y k j a d a l u r c . v . ) . 
197 Q u a r t z t h o l e i i t e f l o w , K a l f a g i l i n R e y k j a d a l u r ( R e y k j a d a l u r c , v , ) . 
198 B a s a l t i c i c e l a n d i t e s i l l / f l o w , M o g i l s t u n g u r i n R e y k j a d a l u r 
( R e y k j a d a l u r c . v , ) . 
199 P l a g i o c l a s e - p h y r i c f l o w ( q t z . norm,), 0.5 km west o f M o g i l i n 
R e j ' k j a d a l u r ( R e y k j a d a l u r c . v . ) . 
201 Q u a r t z t h o l e i i t e f l c v / , west o f H r a f n a g i l i n R e y k j a d a l u r ( R e y k j a d a l u r 
c . v , ) . 
202 Gabbro cone sheet ( o l . norm.), M o g i l i n R e y k j a d a l u r ( R e y k j a d a l u r c.v.) 
204 Q u a r t z t h o l e i i t e f l o v / , a t t h e head o f H v a n n g i l i n R e y k j a d a l u r 
( R e y k j a d a l u r c . v . ) . 
205 O l i v i n e t h o l e i i t e f l o w , T u n g u g i l i n R e y k j a d a l u r ( R e y k j a d a l u r c . v . ) . 
206 Q u a r t z t h o l e i i t e cone s h e e t , B i f g r o s g i l i n R e y k j a d a l u r ( R e y k j a d a l u r 
c . v . ) . 
207 R h y o l i t e cone s h e e t , G r a e n u h j a l l a g i l i n R e y k j a d a l u r ( R e y k j a d a l u r c . v . ) . 
209 P l a g i o c l a s e - p h y r i c s i l l ( o l , norm,), H r a f n a g i l i n R e y k j a d a l u r 
( R e y k j a d a l u r c , v , ) . . 
211 Granophyre cone sheet ( d a c i t i c ) , H r o s s a d a l s g i l i n R e y k j a d a l u r 
( R e y k j a d a l u r c . v , ) . . 
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216 Q u a r t z t h o l e i i t e f l o w , T h o r g a u t s s t a d a g i l i n H v i t a r s i d a ( S i d u f j a l l 
s e r i e s ) . 
217 Q u a r t z t h o l e i i t e f l o w , T h o r g a u t s s t a d a g i l i n H v i t a r s i d a ( S i d u f j a l l 
s e r i e s ) . 
218 O l i v i n e t h o l e i i t e f l o w , T h o r g a u t s s t a d a g i l i n H v i t a r s i d a (Thorgau-
t s s t a d i r s e r i e s ) . 
219 Q u a r t z t h o l e i i t e f l o w , T h o r g a u t s s t a d a g i l i n H v i t a r s i d a ( H a a f e l l 
s e r i e s ) . 
220 Q u a r t z t h o l e i i t e f l o w , H a u k a g i l i n H v i t a r s i d a ( H a u k a g i l s e r i e s ) . 
221 P l a g i o c l a s e - p h y r i c f l o w ( q t z . norm.), M i d g i l i n H v i t a r s i d a 
( M i d g i l s e r i e s ) . 
222 O l i v i n e t h o l e i i t e f l o w , Hvammsgil i n H v i t a r s i d a ( K i n n a r g i l s e r i e s ) . 
223 Q u a r t z t h o l e i i t e f l o w , 0.5 km s o u t h o f S l e g g j u l a e k u r ( S l e g g j u l a e k u r 
s e r i e s ) . 
224 Q u a r t z t h o l e i i t e f l o w , Hvamm.sgil i n H v i t a r s i d a ( K i n n a r g i l s e r i e s ) . 
225 Q u a r t z t h o l e i i t e f l o w , H u s a g i l ( S a m s s t a d i r ) i n H v i t a r s i d a ( H a u k a g i l 
s e r i e s ) . 
226 Q u a r t z t h o l e i i t e f l o w , T e i g s a i n H v i t a r s i d a ( H a a f e l l s e r i e s ) . 
227 Q u a r t z t h o l e i i t e dyke (NW-SE), H u s a g i l ( S a m s s t a d i r ) i n H v i t a r s i d a . 
228 Q u a r t z t h o l e i i t e f l o w , 1 km e a s t o f H e l g a v a t n i n T h v e r a r h l i d 
( S l e g g j u l a e k u r s e r i e s ) . 
229 Q u a r t z t h o l e i i t e flovi, H u s a g i l ( S a m s s t a d i r ) i n H v i t a r s i d a ( H a u k a g i l 
s e r i e s ) . 
230 Q u a r t z t h o l e i i t e f l o v / , 0.5 km e a s t o f K v i a i n T h v e r a r h l i d 
( S l e g g j u l a e k u r s e r i e s ) . 
231 O l i v i n e t h o l e i i t e f l o w , H u s a g i l ( S a m s s t a d i r ) i n H v i t a r s i d a ( H a u k a g i l 
s e r i e s ) . 
232 Q u a r t z t h o l e i i t e f l o v / , K i n n a r g i l i n H v i t a r s i d a ( K i n n a r g i l s e r i e s ) . 
233 Q u a r t z t h o l e i i t e f l o w , S i d u f j a l l about 1 km s o u t h o f S l e g g j u l a e k u r 
( S i d u f j a l l s e r i e s ) . 
234 O l i v i n e t h o l e i i t e f l o w , T h r e n g s l a g i l i n T h v e r a r h l i d ( S l e g g j u l a e k u r 
s e r i e s ) . 
235 P l a g i o c l a s e - p h y r i c f l o w ( q t z . norm.), 1 km southwest o f K v i a r 
i n T h v e r a r h l i d ( G r j o t h a l s t h i n - l a y e r e d s e r i e s ) . 
236 P l a g i o c l a s e p h y r i c f l o w ( q t z . norm,), 1 km southwest o f K'viar i n 
T h v e r a r h l i d ( G r j o t h a l s t h i n - l a y e r e d s e r i e s ) . 
237 O l i v i n e t h o l e i i t e f l o w , 1 km e a s t o f H e l g a v a t n i n T h v e r a r h l i d 
( S l e g g j u l a e k u r s e r i e s ) . 
238 O l i v i n e t h o l e i i t e f l o w , S i d u f j a i l about 1 km s o u t h o f S l e g g j u l a e k u r 
( S i d u f j a l l s e r i e s ) . 
240 O l i v i n e t h o l e i i t e f l o w , K l e i f a r west o f S i d u f j a l l ( S l e g g j u l a e k u r 
s e r i e s ) . 
241 Q u a r t z t h o l e i i t e f l o w , T e i g s a i n H v i t a r s i d a ( H a a f e l l s e r i e s ) , 
242 Q u a r t z t h o l e i i t e f l o w , T e i g s a i n H v i t a r s i d a ( H a a f e l l s e r i e s ) . 
243 Q u a r t z t h o l e i i t e f l o w , S i d u f j a l l about 1.5 km s o u t h e a s t o f 
S l e g g j u l a e k u r ( S i d u f j a l l s e r i e s ) , 
244 Q u a r t z t h o l e i i t e f l o w , Brekka i n N o r d u r a r d a l u r ( H r e d a v a t n s e r i e s ) . 
245 O l i v i n e t h o l e i i t e f l o w , H r edavatn i n N o r d u r a r d a l u r (Hredavatn s e r i e s ) , 
247 0 1 . and px. p h y r i c p l u g ( o l . norm,), Sata west o f V e s t u r a r d a l u r . 
248 R h y o l i t e f l o w , S a t u m u l i southwest o f H u n d a d a l s h e i d i ( R e y k j a d a l u r 
c . v . ) . 
249 R h y o l i t e p l u g / i n t r u s i o n , H u n d a d a l s h e i d i ( R e y k j a d a l u r c . v . ) , 
250 P l a g i o c l a s e - p h y r i c f l o w ( o l . norm.), H u n d a d a l s h e i d i ( R e y k j a d a l u r 
t h i n - l a y e r e d s e r i e s ) . 
251 Px. and o l . p h y r i c p l u g ( o l . norm.), H u n d a d a l s h e i d i , 
252 I c e l a n d i t e f l o v / , s o u t h s i d e o f V e s t u r a r d a l u r ( R e y k j a d a l u r c . v , ) . 
253 I c e l a n d i t e f l o w , E i n i b e r j a g i l i n V e s t u r a r d a l u r ( R e y k j a d a l u r c . v , ) . 
254 O l i v i n e t h o l e i i t e f l o w , E f r i f o s s a r i n F o s s a d a l u r ( R e y k j a d a l u r t h i c k -
l a y e r e d s e r i e s ) . 
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255 0 1 . and px. p h y r i c p l u g ( o l , norm,), Sata west o f V e s t u r a r d a l u r . 
256 O b s i d i a n c o n t a c t o f a r h y o l i t e p l u g (same as 2 4 9 ) , H u n d a d a l s h e i d i 
( R e y k j a d a l u r c , v . ) . 
257 O l i v i n e t h o l e i i t e f l o w ( l a s t i n t e r g l a c i a l ) , S t e d j i i n F l o k a d a l u r 
( R e y k j a n e s - L a n g j o k u l l n e o v o l c a n i c zone). 
258 T r a n s i t i o n a l p i l l o w l a v a ( L a t e Q u a t e r n a r y ) , V i k r a f e l l i n 
N o r d u r a r d a l u r ( S n a e f e l l s n e s f r a c t u r e z o n e ) . 
259 T r a n s i t i o n a l p i l l o w l a v a ( L a t e Q u a t e r n a r y ) , B a e l i i n N o r d u r a r d a l u r 
( S n a e f e l l s n e s f r a c t u r e z o n e ) . 
260 T r a n s i t i o n a l b a s a l t f l o w ( R e c e n t ) , G r a b r o k a r h r a u n ( S n a e f e l l s n e s 
f r a c t u r e z o n e ) . 
261 T r a n s i t i o n a l b a s a l t f l o w ( R e c e n t ) , G r a b r o k a r h r a u n ( S n a e f e l l s n e s 
f r a c t u r e z o n e ) . 
262 T r a n s i t i o n a l p i l l o v / l a v a ( L a t e Q u a t e r n a r y ) , Stadarhnukur ( S n a e f e l l s n e s 
f r a c t u r e z o n e ) . 
263 T r a n s i t i o n a l p i l l o w l a v a ( L a t e Q u a t e r n a r y ) , Stadarhnukur ( S n a e f e l l s n e s 
f r a c t u r e z o n e ) , 
264 T r a n s i t i o n a l p i l l o w l a v a ( L a t e Q u a t e r n a r y ) , V i k r a f e l l i n N o r d u r a r d a l u r 
( S n a e f e l l s n e s f r a c t u r e z o n e ) . 
265 T r a n s i t i o n a l p i l l o w l a v a ( L a t e Quaternary), V i k r a f e l l i n N o r d u r a r d a l u r 
( S n a e f e l l s n e s f r a c t u r e z o n e ) . 
T r a n s i t i o n a l p i l l o w l a v a ( L a t e Q u a t e r n a r y ) , V i k r a f e l l i n N o r d u r a r -
d a l u r ( S n a e f e l l s n e s f r a c t u r e zone). 
A l k a l i o l i v i n e b a s a l t f l o w ( l a s t i n t e r g l a c i a l ? ) , L j c s u f j o l l 
( S n a e f e l l s n e s f r a c t u r e z o n e ) . 
H a w a i i t e p i l l o w l a v a ( L a t e Q u a t e r n a r y ) , L j o s u f j o l l ( S n a e f e l l s n e s 
f r a c t u r e z o n e ) , 
H a v / a i i t e p i l l o w l a v a ( L a t e Q u a t e r n a r y ) , L j o s u f j o l l ( S n a e f e l l s n e s 






270 H a w a i i t e p i l l o w l a v a ( L a t e Q u a t e r n a r y ) , L j o s u f j o l l ( S n a e f e l l s n e s 
f r a c t u r e z o n e ) . 
271 H a w a i i t e p i l l o w l a v a ( L a t e Q u a t e r n a r y ) , L j o s u f j o l l ( S n a e f e l l s n e s 
f r a c t u r e z o n e ) . 
272 A l k a l i o l i v i n e b a s a l t f l o w ( l a s t i n t e r g l a c i a l ) , L j o s u f j o l l 
( S n a e f e l l s n e s f r a c t u r e z o n e ) . 
273 A l k a l i o l i v i n e b a s a l t f l o w ( l a s t i n t e r g l a c i . a l ) , A l f t a f j o r d u r 
( S n a e f e l l s n e s f r a c t u r e z o n e ) . 
274 A l k a l i o l i v i n e b a s a l t f l o w ( R e c e n t ) , S t o r i - L a n g i d a l u r ( S n a e f e l l s n e s 
f r a c t u r e z o n e ) . 
275 A l k a l i o l i v i n e b a s a l t f l o w ( R e c e n t ) , Raudukuluhraun east o f 
D r a p u h l i d a r f j a i l ( S n a e f e l l s n e s f r a c t u r e z o n e ) . 
276 H a w a i i t e • f l o w ( l a s t i n t e r g l a c i a l ) , L j o s u f j o l l ( S n a e f e l l s n e s f r a c t u r e 
z o n e ) . 
277 O l i v i n e t h o l e i i t e f l o w ( l a s t i n t e r g l a c i a l ) , K a l d i d a l u r s o u t h e a s t o f 
Ok ( R e y k j a n e s - L a n g j o k u l l n e o v o l c a n i c z o n e ) . 
278 O l i v i n e t h o l e i i t e f l o w ( l a s t i n t e r g l a c i a l ) , S t o r i - A s i n H v i t a r s i d a 
( R e y k J a n e s - L a n g j o k u l l n e c v o l c a n i c zone). 
279 O l i v i n e t h o l e i i t e p i l l o v / l a v a ( L a t e Q u a t e r n a r y ) , a r i d g e southwest 
o f T h o r i s j o k u l l ( R e y k j a n e s - L a n g j o k u l l n e o v o l c a n i c zone). 
280 O l i v i n e t h o l e i i t e f l o w ( R e c e n t ) , Hallmundarhraun near B j a r n a s t a d i r 
( R e y k j a n e s - L a n g j o k u l l n e o v o l c a n i c z o n e ) . 
281 O l i v i n e t h o l e i i t e f l o w ( R e c e n t ) , Hallmundarhraun near H u s a f e l l 
( R e y k j a n e s - L a n g j o k u l l n e o v o l c a n i c zone). 
282 O l i v i n e t h o l e i i t e f l o w (Recent s h i e l d v o l c a n o ) , S k j a l d b r e i d u r s o u t h -
e a s t o f K v i g i n d i s f e l l ( R e y k j a n e s - L a n g j o k u l l n e o v o l c a n i c zone). 
285 T r a n s i t i o n a l b a s a l t f l o w , S n j o f j a l l a k a m b u r ( S n j o f j o l l s e r i e s ) . 
286 O l i v i n e t h o l e i i t e s i l l . Ban! i n A u s t u r a r d a l u r ( R e y k j a d a l u r c , v , ) , 
287 B a s a l t i c i c e l a n d i t e f l o w , B u r f e l l s a - y t r i i n N o r d u r a r d a l u r 
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( R e y k j a d a l u r c . v . ) . 
288 T r a n s i t i o n a l b a s a l t f l o w , S n j o f j a l l a k a m b u r ( S n j o f j o l l s e r i e s ) . 
289 B a s a l t i c i c e l a n d i t e dyke (NW-SE), L i t l a Baula. 
290 Q u a r t z t h o l e i i t e f l o w , B a n i i n A u s t u r a r d a l u r ( R e y k j a d a l u r t h i n -
l a y e r e d s e r i e s ) . 
291 Q u a r t z t h o l e i i t e f l o w , B a n i i n A u s t u r a r d a l u r ( R e y k j a d a l u r t h i n -
l a y e r e d s e r i e s ) . 
292 O l i v i n e t h o l e i i t e f l o w , B a n i i n Haukadalur ( R e y k j a d a l u r t h i n -
l a y e r e d s e r i e s ) . 
293 T r a n s i t i o n a l b a s a l t f l o w , S n j o f j a l l a k a m b u r ( S n j o f j b l l s e r i e s ) . 
294 I c e l a n d i t e f l o w , H e i d a r s p o r d u r a t t h e head o f N o r d u r a r d a l u r 
( R e y k j a d a l u r c . v , ) . 
296 • O l i v i n e t h o l e i i t e f l o w , H l i d a r t u n s f j a i l i n S b k k o l f s d a l u r ( R e y k j a d a l u r 
t h i c k - l a y e r e d s e r i e s ) . 
298 O l i v i n e t h o l e i i t e f l o w , Kambur i n G e l d i n g a d a l u r ( R e y k j a d a l u r c , v . ) . 
299 Q u a r t z t h o l e i i t e f l o w , Kambur i n G e l d i n g a d a l u r ( R e y k j a d a l u r c . v . ) . 
301 T r a n s i t i o n a l b a s a l t f l o w , T r o l l a k i r k j a ( S n j o f j o l l s e r i e s ) . 
303 B a s a l t i c i c e l a n d i t e p i l l o w l a v a , B u r f e l l s a - i n n r i i n N o r d u r a r d a l u r 
( R e y k j a d a l u r c , v , ) , 
304 P l a g . and o l . p h y r i c f l o w ( o l . norm.), B u r f e l l s a - i n n r i i n N o r d u r a r d a l u r 
( R e y k j a d a l u r t h i n - l a y e r e d s e r i e s ) . 
306 T r a n s i t i o n a l b a s a l t f l o w , S n j o f j a l l a k a m b u r ( S n j o f j o l l s e r i e s ) . 
307 P l a g i o c l a s e p h y r i c f l o w ( o l . norm.), L i t l a Thvera 3 km n o r t h e a s t 
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